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Abstract
I nomi sono dovunque nell’universo quotidiano; qualsiasi cosa di cui noi riteni-
amo importante parlare ha un nome (un luogo, un film, una persona, etc. . . );
percio`, essi sono studiati in molte aree del sapere. In filosofia, i nomi hanno
creato un acceso dibattito nel secolo scorso, soprattutto riguardo ai temi della
referenza (come fanno i nomi ad indicare qualcosa?) e il significato (i nomi
hanno un valore semantico?); nonostante posizioni autorevoli come quelle di
Mill, Searle e Kripke, nessuna teoria e` ancora accettata universalmente. In
sociologia, i nomi sono studiati in quanto classe, poiche´ esistono nomi che
vengono usati in aggiunta al nome originale, ovvero le varianti (comune-
mente detti pseudonimi), che dipendono dal contesto e dai fini di chi li uti-
lizza. Infine, in geografia vengono studiate le variazioni multilingue (es.,
traduzioni) e monolingue (es., errori di battitura) che influiscono sui nomi di
entita` geopolitiche. Sia le variazioni che le varianti sono (specialmente) prob-
lematiche anche per il campo del name matching, un’area dell’informatica
che si occupa di scoprire istanze che differiscono ortograficamente ma che
si riferiscono alla stessa entita`; quest’area e` il principale ambito del nostro
lavoro. La nostra applicazione del name matching e` all’interno di un network
P2P di utenti, basato sulle entita`, che consta di tre livelli: locale (gli utenti),
comunita` (gruppi di utenti), globale (tutte le entita`). Le entita` a livello lo-
cale sono una visione parziale delle entita` reali, ovvero come sono viste dagli
utenti, mentre a livello globale sono conservate le entita` reali in quanto tali,
cio e´ al di la` dei punti di vista personali. Le variazioni e le varianti sono prob-
lematiche in quanto possono cambiare radicalmente la struttura del nome in
base a fattori linguistici (ovvero, variazioni) e sociali (ovvero, varianti) —
difficili da formalizzare con un approccio automatico. Per risolvere questo
problema proponiamo una tassonomia delle variazioni e varianti, che serva
a predire questi fattori nei nomi delle entita`, e cambiare l’architettura di
quest’ultimi per rappresentare, oltre al nome originale, sia le varianti sia le
variazioni, al fine di rendere pi veritiera la rappresentazione dell’entita` stessa.
Il nostro approccio e` nuovo, perch e´ importa nozioni multidisciplinari, mai
usate prima nell’informatica, da varie aree (filosofia, sociologia, geografia).
Inoltre, sfruttiamo i risultati e le scoperte di aree vicine al name matching
(es., NED, NER, entity linking), ma adattandoli ed espandendoli per il nostro
approccio.

Abstract
Names are studied in different fields, and, among the issues they present,
name variations (e.g., translations, misspellings, etc. . . ) and name variants
(e.g., pseudonyms) pose a challenge to name matching, i.e., discovering in-
stances that differ typographically but represent the same entity. Our sce-
nario for name matching is a P2P, entity-based network of users divided in
local level (the users), community level (groups of users), and global level
(all the entities). Entities at local level are a partial view of the real word
entity, represented at the global level. In this framework, name variations
and name variants change the orthography of names because of linguistic and
social factors, and their presence depends on the scenario level considered.
Thus, they are hard to tackle by an automatic approach such as name match-
ing. Our proposed solutions is to use a taxonomy we created to understand
and predict the variations and variants of different entity names, and divide
the entity name in different entries to accommodate the original name plus
variations and variants. Our approach is novel because we take advantage
of a multidisciplinary method, drawing from various fields (i.e., philosophy,
sociology and geography) importing terms and views not found in computer
science. We also draw from areas close to name matching, building from
their findings and expanding them.
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Chapter 1
Introduction
Names are ubiquitous and pervasive in our everyday life, and this is proven
by how many different fields study names and their issue. For instance, phi-
losophy witnessed a heated debate throughout the XXth century, focusing
on the problems of reference i.e., whether a name has a semantic value, and
the problem of meaning, i.e., how a name can indicate or single out an entity.
Although many views tried to tackle these problems, no universal agreement
has been found yet. In addition, sociology studies show that names are more
like a ‘class’ of types of names, i.e., name variants, varying according to dif-
ferent features (e.g., social contexts). Because of this, it is hard to define
them (e.g., social context tend to be blurred, if not overlapping), leading to
confusion when attempting to refer to a bearer. Finally, geography shows
that name not only variate because of social factors, but also because of
linguistic factors, i.e., mono- and multilingual name variations. By mono-
lingual variation, we mean a variation that happens in one language only,
e.g., misspellings, whereas by multilingual variation we mean any translation
or transliteration affecting the name when being ‘used’ by a language other
than its own, e.g., translations. Both affect the name’s orthography, and
further hinder the process of reference.
All these issue, name variants and name variations especially, also affect
the scope of computer science; moreover, they affect a particular task of this
area, i.e., name matching. Name matching consists in “discovering instances
that differ typographically (different surface appearance) but represent the
same concept/entity” [54]. In this scope, an entity is “a ‘thing’ which can be
distinctly identified [. . . ] a specific person, company, or event is an example
of an entity” [6]; plus, an entity has attributes representing its properties.
Consequently, “entities with the same set of attribute [are] entity types” [6].
In our case, name matching is used to tackle the issue of name variation ad
name variants in a distributed scenario, i.e., a P2P network of users, whose
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structure consists of three levels: local (the level of users, who have their own
personal repository of entities), community (the level where a group of users,
i.e., a community, can share their entities), and global (the ‘universal’ level,
i.e., a global repository of all the entities). Both local and global level repre-
sent a different view of entities (and thus different names); in fact, local level
represent a partial view of an entity, as an entity may be present in multiple
repositories with different attribute values, while the global level represent
the ‘universal’ view of an entity, i.e., the real world entity per se. This dis-
tributed scenario is also affected by name variants and name variations, that
can severely modify the ‘surface’ of names and that vary depending on lin-
guistic and social contexts, which are hard to formalize and tackle for name
matching. Plus, monolingual variations and name variants happen at local
level, since the user would generally have entities from one language, while
multilingual variations are pervasive at global level. In addition, there is the
need for entities name to represent not only their original names, but also
name variations and name variants, i.e., their architecture should be able to
accommodate and show how many variants and variations affect the entity
name.
Our proposed solutions are as follows. Firstly, we provide a taxonomy of
name variations, which draws from both personal research and state-of-the-
art literature, and is divided into four sections, categorizing both multilingual
variations (i.e., full and part-of translations) and monolingual variations (i.e.,
misspellings and format changes), also including name variants (as they may
be subjects to name variations). Then, by checking with schema.org, a Web-
based taxonomy of types, we use our taxonomy to capture patterns in the
way different types are affected by name variations, thus creating guidelines
for choosing the correct strategy to tackle them. Secondly, we describe our
way of modifying the entity name structure by dividing it in different entries,
where the various types of names will be stored. Then, we propose how to
implement these solutions in our scenario by illustrating their usage in a step
by step fashion.
Our approach is novel, because we take advantage of a multidisciplinary
method, drawing from various fields such as philosophy, sociology and geog-
raphy, importing terms and views not found in the field of computer science.
Plus, we take the standard definition of name matching in a wider context,
i.e., not just matching strings but also considering factors outside syntax
and spellings, working in a distributed scenario. In addition, we also draw
from closely related areas, e.g., named entity recognition, named entity dis-
ambiguation, and entity linking, building from some of their findings and
expanding them for the purpose of our approach.
Finally, the structure of the thesis will be as follows. In Chapter 2 we
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will provide an overview on the philosophical debate surrounding the issue
of reference and meaning of names, whereas in Chapter 3 we will illustrate
the findings of sociology and geography on name variations and variants,
respectively. Then, we will state our problem in Chapter 5, followed by an
overview on fields close to our approach on name matching, and how we are
different from them, i.e., Chapter 6. Finally, in Chapter 7 we describe in
detail our proposed solutions for our scenario.
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Chapter 2
What Are Names?
A Philosophical Overview
In this chapter, after a brief definition of what is a name, we will proceed
in sketching the philosophical debate surrounding this subject in the last
century. We will distinguish three approaches to names: Millianism, descrip-
tivism, and causal theories. Yet, before that, we need to distinguish between
nouns, proper nouns, proper names, and names.
According to [25], nouns refer to a word class having the following prop-
erties:
 “It contains among its members those words that denote persons or
concrete objects”.
 “Its member head phrases -noun phrases- which characteristically func-
tion as subject or object in clause structure and refer to the participants
in the situation described in the clause, to the actor, patient, recipient,
and so on”.
 “It is the class to which categories of number, gender and case have
their ‘primary’ application in languages which have these grammatical
properties”.
In other words, nouns are “the category containing words denoting all
kinds of physical objects, such as persons, animals and inanimate objects [...]
there are also innumerable abstracts nouns” [26].
This class contains three subclasses: common nouns, proper nouns and
pronouns. Disregarding pronouns (as they’re not the subject of this work),
the main difference between proper and common nouns is reference, i.e., the
act of singling out a real word entity. In fact, while common nouns do not
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refer to a single or specific entity (they may do so, but indirectly, e.g. ‘The
thief broke into a house’), proper nouns do. Plus, since proper nouns belong
to a class, i.e., nouns, used to indicate single words (e.g., ‘cat’, ‘love’), they
are always considered as single words (e.g., ‘Fausto’, ‘Juan’). Furthermore,
proper nouns do not have the full range of determiners, i.e., they can’t be
used with all determiners (e.g., ‘A Juan’ loses the uniqueness of reference of
‘Juan’), and lack article contrast, e.g., ‘Paris’ vs. *The Paris.
On the other hand, proper names have also unique referents, but they
are distinguished from proper nouns because, while proper noun are single
word units, proper names are noun phrases (NPs). In fact, proper nouns
characteristically function as the head of NPs serving as proper names [26];
for instance, the proper name ‘Jessica Alba’ consists of two proper nouns:
‘Jessica’ and ‘Alba’. Nonetheless, proper names may contain other parts of
speech, e.g., while ‘The University of Cambridge’ and ‘Cambridge University
Press’ are proper names, although containing the proper noun ‘Cambridge’,
their heads, ‘University’ and ‘Press’, are common nouns. It is then clear
that both proper names, e.g. ‘Fausto Giunchiglia’, and proper nouns, e.g.,
‘Fausto’, deal with unique referents, but, while proper nouns are single syn-
tactical units, proper names are syntagms, i.e., NPs — but are they different
from names? If we look at the literature, especially in the area of computer
science, it seems that name is a shorter and broader equivalent of both proper
name and proper nouns, so we will follow this custom. Therefore, throughout
this work we will use ‘name’ to mean both proper names and proper nouns,
specifying when and if needed.
This simple, linguistic based distinction would be sufficient for the whole
work, but even in its simplicity, it hides deep and complicated issues. In fact,
among the various fields which deal with names (e.g., sociology), philosophy
investigated the matter as well, especially in the latest century. According
to philosophy, the two main issues that names arise are whether names have
a meaning, and how does reference work. In other words, the first problem
addresses the possibility of names having a semantic value (in addition to
their syntactic one) whereas the second one tries to capture the misterious
way by which proper names are somehow ‘attached to’ things in the world.
Indeed, these two problems surfaced philosophy of language in the last
century, starting with J.S. Mill in the middle of the XIX century [40]. Sub-
sequently, as soon as the works Frege [16] and Russel [50] shed some light
on matter, a new model imposed itself, with Searle becoming its most pas-
sionate defender [51]. Nonetheless, thanks to the inquiries of Kripke in the
’70s [31], the whole matter went into questioning again. We will now turn
to a brief overview of three main stances on the matter at hand, and a final
overview on the present framework.
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2.1 Millianism
This is the first stance on the two questions concerning reference and mean-
ing, and derives its name from the philosopher John Stuart Mill, which pro-
posed it in A System of Logic [40], published in 1843.
Mill addresses the two issues in Book I, agreeing with Hobbes that a name
is “a word taken at pleasure to serve for a mark [...] which being pronounced
to others, may be to them a sign of what thought the speaker had before
in his mind” [40]. Then, he divides names into general and singular names
(which are essentially proper names), i.e., names that can be “truly affirmed
[...] of each of an indefinite number of things” [40], or that can be capable
of “being truly affirmed [...] of the same thing” [40], respectively. After
these first two classes, he goes on dividing names further by other binary
classes (which we won’t go into detail here), until he describes the most
relevant class for proper names: connotative and non-connotative (or to use
a more modern term, denotative). In fact, all names have a connotation and
a denotation, i.e., they both connote or imply some attribute(s) and denote
or single out individuals that fall under that description. In other words, if
we follow the two philosophical issues concerning names, connotation deals
with the meaning of the name (i.e., both proper nouns and proper names),
whereas denotation indicates its reference.
On the other hand, “proper names [and proper nouns] are not connota-
tive; they denote the individuals who are called by them; but they do not
indicate or imply any attribute as belonging to those individuals” [40]. For
instance, the town lying at the end of the river Dart, aptly named Dart-
mouth, would still be called the same even if the river were to change its
course, for proper names are “attached to the object themselves, and are not
dependent upon the continuance of any attribute of the object” [40]. Thus,
Mill claims that proper names have no other meaning but their referent.
Even though Millianism is a simple and intuitive theory, backed up by
common sense, there are some problems this theory has a hard time coping
with. Firstly, Mill’s account of the actual reference seems incomplete. It has
been noted that while proper names may be used for actually present indi-
viduals (e.g., one could point them after calling their name), proper names
are also used to refer to individuals not being present or not even exist-
ing at the moment of the utterance. If “John Smit” is just a label for a
certain individual, how does it succeed in referring to him when he is not
present? Furthermore, there are the so-called ‘Frege’s puzzles’ [53] which are
unresolvable by the Millian approach: the first one is the problem of informa-
tive identity statements, whereas the second one is the problem of existence
statements with proper names as their subjects.
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Informative identity statements show that, if we agree with Mill that
names have no meaning other than the object they denote, then sen-
tences like “Cicero is Tully” or “Hesperus is Phosphorous” are trivial
identity statements (i.e., they simply affirm that the two entities are
equal). But they are not, for the speaker does not simply wish to affirm
that they are equal. Rather, the speaker hints at some new information
about them—such layer is lost with Millianism.
Existence statements with proper names as their subjects show
that, since Mill assumes that proper names solely stand for the object
they are names of, this leads to the fact that ‘Juan Pane exists’ makes
reference to Juan Pane and then redundantly asserts its existence, while
‘Deadpool never existed’ seems paradoxically to refer to Deadpool and
then assert of him that he never existed. Another criticism by Kripke
works along the line of the second puzzle, suggesting that the question
‘Does N exist?’ cannot be meaningfully when ‘N’ is replaced with a
proper name. In fact, “if I know to whom the [name] has been applied,
the answer is automatically ‘Yes’. If I dont know to whom it is applied,
what am I asking? [...] [O]n Mill’s account of proper names, I cannot
even understand the question” [31].
Indeed, all these flaws that plague Millianism were dealt with effectively
almost fifty years later, starting with Frege, then Russel, and finally Searle,
as we will see in the next section.
2.2 Descriptivism
In this section we will describe the second major theory concerning proper
names on the issues of reference and meaning, i.e., descriptivism (also known
as description theory).
This theory nowadays is split in many different sub-theories (e.g., Katz’s
DNT [29]) which underline different aspects of its core assumptions or try to
avoid its flaws. Notwithstanding the great variety of ‘flavours’ this theory has,
there is a broad enough definition that its followers may agree on. Basically,
names refer in virtue of being associated with a definite description or set
of definite descriptions that are uniquely true of the individual to which
the name refers; in addition, the name has a meaning which consists of the
description associated with it.
As we said, this core thought has been declined in order to accomodate
for criticism or deeper intuition, but regardless of this, one can see that
three philosopher stand out in defining the theory’s framework: Frege, Russel
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and Searle. Therefore, Subsection 2.2.1 will describe Frege’s contribution
to descriptivism, while Subsection 2.2.2 and 2.2.3 will illustrate Russel and
Searle additions, respectively. Finally, Subsection 2.2.4 will introduce the
debate between Searle and Kripke, which led to the rise of a third view on
the matter of name, i.e., causal theories.
2.2.1 Frege’s ‘On Sense and Nominatum’
As we said, the first reaction to Millianism, and thus the first sketch of de-
scriptivism, was done by Frege in his treatment of the problem of informative
identity statements in On Sense and Nominatum (U¨ber Sinn und Bedeutung).
Before introducing Frege’s arguments, we must explain what does he
mean by sense (Sinn) and nominatum (Bedeutung) (sometimes translated
as denotation). In fact, according to Frege’s theory, the denotation of a
name is the object it picks out; the sense of the name is the mode of pre-
sentation of the object, i.e., “a difference in the way in which the designated
objects are given” [16].
This distinction is drawn in order to avoid the same problems that Millian-
ism encounters when dealing with the first Frege’s puzzle, i.e., the problem
of informative identity statements. Following this distinction, informative
identity statements may be informative because e.g., ‘Hesperus’ and ‘Phos-
phorous’ express different descriptive senses, i.e., ‘The last star visible in the
morning’ and ‘The first star visible in the evening’, respectively. This intu-
ition may be easily applied to proper name overall, affirming that their sense
is a definite description, as the core of descriptivism claim.
As for the second puzzle, Frege argues that saying ‘Aristotle never existed’
is simply to say that there was not some object satisfying the descriptive sense
expressed by ‘Aristotle’, e.g., ‘The greatest student of Plato’.
Indeed, we can already see the foundation of descriptivism, even though
Frege itself notices some issue that may arise. For instance, different people
express or have in mind different descriptions for the same name, e.g., I
could understand by ‘Antonio’ ‘my father’, while one of his co-workers could
understand ‘my boss’. Furthermore, my father could get fired, and thus the
reference would change, since he would become ‘my ex-boss’ to his former
co-workers.
Apart from these issues, the idea of a descriptive content being the mean-
ing (i.e., the sense) of the name led to a more complete and coherent definition
of this theory, i.e., Russel’s account.
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2.2.2 Russel’s account
In order to defend descriptivism, Russell elaborates on Frege’s intuitions
although taking another route.
First of all, he makes an important distinction between what he calls ‘or-
dinary’ proper names and ‘logically’ proper names. Logically proper names
are indexicals such as ‘this’ and ‘that’, which directly refer (in a Millian
sense, as we saw) to objects of immediate acquaintance. For Russell, ordi-
nary proper names are abbreviated definite descriptions [50], i.e., sentence
like ‘The ‘x” which could be used to describe Santa Claus as ‘The fat, old
gentleman with the red cape. . . ’.
Thus, a name is just an abbreviation for a definite description. Further-
more, following his own theory for descriptions, definite descriptions (and
hence names) have no reference at all and their meanings (in the Fregean
sense) are just the truth conditions of their logical equivalent.
This relevance given to definite description stemmed the usually called
famous deed descriptivism, which claims that we can use salient definition for
a name, which narrows the assignment of reference. For instance, ‘Aristotle’
could be described via ‘The teacher of Alexander the Great’. Unfortunately,
most of the times these descriptions involve other names, which would need
to be broken down accordingly; therefore, this transforms the process in a
complex, if not endless, process. Furthermore, it seems unclear what method
should be used to decide which description is more salient in respect to
the other viable ones. In fact, many entities never actually accomplished
anything or acted notably.
All these (plus Frege’s) problems found a valid address in the works of
Searle, the most passionate defender of this theory to date.
2.2.3 Searle, or the Last Defender of Descriptivism
While first sketching the framework of his theory in the early 60’s with Proper
names, Searle developed it fully in Speech Acts at the end of the ’70’s.
To better situate his thoughts in the general framework of descriptivism,
we would like to make a lengthy quote: “Anyone who uses a proper name
must be prepared to substitute an identifying description [...] of the object
referred to by a proper name. If he were unable to do this, we should say
that he did not know whom or what he was talking about, and it is this
consideration which inclines us to say that proper names must have a sense,
and that the identifying description constitutes that sense” [51].
This clearly proves how close Searle is to the other description theory
followers, for he claims that proper names have some kind of meaning or
10
sense, and this meaning is descriptive; more precisely, it is uniquely descrip-
tive in nature. Nonetheless, he still needs to confront himself with the flaws
and problems this theory faces since Frege. In order to avoid such problems,
Searle proposes a ‘cluster theory’ of meaning for proper names.
Searle starts by wondering, if we were to gather all the available descrip-
tions of Aristotle, what are the conditions making us say “This is Aristotle?”
“[T]he conditions, the descriptive power of the statement, is that a sufficient
but so far unspecified number of these statements (or descriptions) are true
of the object” [51]. Once we obtain a satisfying (albeit unspecified) set of
descriptions, these will function as the truth conditions of the question “Is
this Aristotle?”. Thus, according to Searle, ‘Aristotle’ refers to ‘Aristotle’ not
because there is some single identifying description expressing the sense of
the name ‘Aristotle’. Rather, it is because the entity Aristotle satisfies most
or a (relative and context-dependant) sufficient number of the identifying
descriptions amounting as the unique referent of the name. Consequently,
this move is clearly able to explain why different speakers associate different
identifying descriptions with the same name.
Yet, in view of the open question of how many and which definite de-
scriptions are to be considered satisfying for an effective reference, Searle
considers his account to be much “looser” than the traditional ones. Overall,
many argue that this theory does resolve the more direct problems of the
traditional Fregean view, while retaining both the account of the reference
relationship and the ability to address its puzzles, e.g., informative identity
statements and existential sentences.
2.2.4 Kripke vs. Searle, or the Rise of a Third View
Not long after Speech Acts was published, descriptivism faced its most fierce
adversary: Saul Kripke. In a trio of lectures later published as Naming and
Necessity, he listed a series of theses both to represent the theses supported by
descriptivism, and to develop three main arguments against it, usually known
as: the problem of rigidity (sometimes referred to as ‘modal’ argument), the
problem of unwanted necessity (sometimes referred to as ‘epistemic’ argu-
ment), and the problem of ignorance and error (sometimes referred to as
‘semantic’ argument).
The 7 theses are listed in lecture I and are the following [31]:
1. To every name or designating expression ‘X’, there corresponds a cluster
of properties, namely the family of those properties φ such that A
believes ‘φ X’.
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2. One of the properties, or some conjointly, are believed by A to pick out
some individual uniquely.
3. If most, or a weighted most, of the φ ’s are satisfied by one unique
object y, then y is the referent of ‘X’.
4. If the vote yields no unique object, ‘X’ does not refer.
5. The statement, ‘If X exists, then X has most of the φ ’s’ is known a
priori by the speaker.
6. The statement, ‘If X exists, then X has most of the φ ’s’ expresses a
necessary truth (in the idiolect of the speaker).
7. For any successful theory, the account must not be circular. The prop-
erties which are used in the vote must not themselves involve the notion
of reference in such a way that it is ultimately impossible to eliminate.
As Kripke notes, “7. is not a thesis but a condition on the satisfaction
of the other theses. In other words, Theses 1.-6. cannot be satisfied in a
way which leads to a circle, in a way which does not lead to any independent
determination of reference” [31] Furthermore, these theses suggest that a
descriptivism is “weaker”, i.e., its claim are so vague and non committing
that they are hardly refutable. 1. clearly refers to Searle’s cluster theory,
although not stating that the set of properties φ is the meaning of X, while
2. stipulates the epistemic position of the speaker. Then, 3. takes the
properties in 1. and 2. and turns them into a mechanism of reference,
showing the process of reference assignment theorized by descriptivism, and
.4 states what happens when no object satisfies the properties. Finally, as
Kripke reckons, 5. follows from 1.-3. “and 5. and 6. really just say that a
sufficiently reflective speaker grasps this theory of proper names. Knowing
this, he therefore sees that 5. and 6. are true” [31].
After dissecting the descriptiont theory, he begins to deploy its three
arguments. Firstly, he explains the problem of rigidity. Following Searle ex-
ample, he considers the name “Aristotle” and the descriptions “The greatest
student of Plato”, “The founder of logic” and “The teacher of Alexander”.
Aristotle obviously satisfies all of the descriptions (and many of the others
we commonly associate with him), but it is not a necessary (hence ‘modal’
argument) truth that if Aristotle existed then Aristotle was any one, or all,
of these descriptions, contrary to thesis 6., for he might have existed and not
have become known to posterity at all or he might have died in infancy.
This intuition led Kripke to define names as ‘rigid designators’. A rigor-
ous (among many used in his works) definition would be: “a singular term
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T refers to object O at possible world W iff O is the object that is (semanti-
cally) relevant for determining the truth value at W of sentences containing
T. A singular term T is a rigid designator iff T refers to the same object
with respect to all possible worlds, i.e., it refers to the same individual in ev-
ery possible world in which that individual exists” [53]. On the other hand,
descriptivism doesn’t take the multi-world possibility, i.e., doesn’t consider
counterfactuals, which leads to inconsistencies, e.g., Aristotle died as an in-
fant and people refer to him as “The greatest philosopher of antiquity”, which
would rather indicate Plato. In other words, since Aristotle could have done
other actions, he is not identical to his definite descriptions.
The problem of unwanted necessity (or ‘epistemic argument’) is rather
simple, for it states that, if thesis 5. is to hold, the properties of a name
(e.g., Hesperus is visible in the evening ) should be known a priori by the
speaker. In fact, if the meaning of ‘Hesperus’ is ‘the evening star’, then
‘Hesperus is the evening star’ appears trivial and a priori. Yet this is not
true, as one had to be physically on Earth or a posteriori know somehow this
to state it. This is also true for historical figures that are distant in the past
from the standpoint of the speaker, as the speaker cannot verify whether a
property of the referent is true or not.
Finally, Kripke’s last problem against descriptive theories (or ‘semantic’
argument) consists in pointing out that people may associate inaccurate de-
scriptions with proper names. Its famous example considers Kurt Go¨del and
its proof on the incompleteness of arithmetic, which is probably its most
recurring definite description, for many would know him as “The one who
proved the incompleteness of arithmetic”. Suppose he hadn’t proved it, and
he stole it from his friend Schmidt, who mysteriously disappears. Following
3., if most, or a weighted most, of the φ ’s (properties associated with Go¨del)
are satisfied by one unique object y (Schmidt), then y (Schmidt) is the refer-
ent of ‘X’ (Go¨del). This means that “ when we talk about ‘Go¨del’, are in fact
always referring to Schmidt. But it seems to me that we are not” [31]. Of
course, this would force descriptivism to hold a counter-intuitive proposition.
These arguments, together with others from followers of Kripke, led many
philosopher (except Searle, who basically claimed that Kripke fell under the
‘straw-man’ fallacy) to abandon descriptivism in favour of half-way versions
of it (e.g., Burge, which claims that proper names work like complex demon-
stratives, i.e., capable of singling out a salient entity [53]) or causal theories.
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2.3 Causal Theories of Proper Names
Whether or not one finds any of the opposing side’s arguments sensible or
convincing, Kripke tried to avoid the burden of proof by saying that he just
wanted to get “a clearer picture”, rather than establishing a new theory.
Nonetheless, its theory is generally known as causal theory and is based,
rather than on the descriptive content of a name, on two aspects of reference:
reference fixing and reference borrowing. Reference fixing is defined as a
“dubbing” [31], generally through perception, even though it could happen
via description. Reference-fixing is by perception when a speaker actually
performs a naming ceremony (or baptism), e.g., “I call/name/ baptise/etc.
you X”, on a perceived object. For instance, the name ‘Neptune’ was fixed
by description, stipulated by the astronomer Leverrier to refer to whatever
was the planetary cause of observed perturbations in the orbit of Uranus [53].
Once this event is enacted by any of the methods just described, how can
someone who is not acquainted with the newly named entity refer to it?
Krikpe argues that there is a causal chain that links from the first users of
the name to all the possible users. Speakers thus effectively ‘borrow’ (hence
the reference borrowing term) their reference from speakers earlier in the
chain. It must be noted that any borrower does not need to identify lenders;
all that is required is that borrowers are appropriately linked to their lenders
through communication [53]. However, as Kripke points out, there must be
an actual intention by the borrower to successfully refer to the entity the
lender was also referring to. One may note that, because of his focus on
reference, Kripke in on the same line of argument of Mill —names have only
reference, and no meaning whatsoever.
Yet this new theory come with a price, i.e., new problems. The most
notable one is the lack of effective answers to the phenomenon of reference
change. This problem was noted and put forth by Gareth Evans [12], who
cites the case of ‘Madagascar’, unknowingly referred to the African island as
‘Madagascar’ when the natives actually used the term to refer to a part of
the mainland. Evans claims that Polo clearly intended to use the term as the
natives do, but somehow changed the meaning of the term ‘Madagascar’ to
refer to the island as it is known today. Furthermore, Evans provides another
example to strengthen his criticism: imagine that two newborn babies who,
after being baptised, are inadvertently switched. Since nobody finds out
about the error, “the man universally known as ‘Jack’ is so-called because a
woman dubbed some other baby with that name” [12].
Michael Devitt, another supporter (albeit with some caveat), argues that
repeated groundings in an object can account for reference change [10]. In
other words, once a sufficient number of groundings in a long period of time
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happen, the reference will actually change. This proposal seem to suffer
the same indeterminate problem that affects Searle cluster theory, i.e., the
threshold for the reference fixing is highly context dependant.
2.4 The Present of Proper Names
Despite this century-long debate, there are still many other views surrounding
the matter of names. For instance, Kaplan’s use of the indexical, which have
a clear linguistic meaning other than mere reference (I, for instance means
something like ‘the speaker of the current utterance’), the two-dimensional
semantics, etc. . . 1 have tried different angles from previous theories, but
still no final evidence has been put forth. Furthermore, different flavours
of descriptivism, after the Kripke-Searle debate, are trying to overcome the
well-known limits of the theory (e.g., the NDT, Nominal Description Theory,
by Katz [29]), but they are generally refuted on the basis of being ad hoc,
rather than trying effectively to create a well founded method to answer the
two issues of proper names in philosophy.
Nevertheless, we will see that many points of discussion from the philo-
sophical point of view will be reprised, i.e., chapter 5, section 6.1 and chap-
ter 7, but overall, thanks to philosophy we now have a clearer understanding
of the theoretic issues with name. Therefore, we hope that this chapter
helped in showing how relevant names are both in academic works and our
daily lives. While we did not aim to solve the philosophical quarrel, we want
to turn to the pragmatic side of the matter of names and take advantage of
the research in computer science, in hope of shedding light on the matter.
1See the Name entry at the Stanford Encyclopedia of Philosophy
(http://plato.stanford.edu/entries/names/) for an overview on the other theories,
in addition to those presented here.
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Chapter 3
Which Name in What Context.
Names in Sociology and
Linguistics
Now that we discussed the issue of names in philosophy one could still feel
a somewhat lack of clear definition on a more pragmatical aspect, and that
the issues of reference and meaning cannot possibly exhaust the whole range
of problems when dealing with names. In fact, philosophy focuses on the
inner mechanism behind reference and meaning, but cares little for defining
the results of these process. Indeed, even if philosophy calls anything that
properly refers to an entity a name, it can be evinced from other areas (e.g.,
sociology) that names can serve different purposes than simply referring,
while other fields (e.g., geography and linguistics) show that names may
change according to the linguistic context where they are used.
If we consider sociology, we can see that names can be used to hide the
true referent via pointing to a fictitious entity (i.e., alias), or they can high-
light a feature of an entity, raising the salience (i.e., relevance of the feature)
to the same level of the most used name; for instance, in a familiar con-
text, a person may be referred by a nickname rather than his or her original
name. Indeed, if we follow the syntactical definition of name, drawn from the
distinction between proper nouns and proper names, we gave in chapter 2,
it also states that proper names (and proper nouns) are distinguished from
common nouns because, unlike proper name, common nouns do not have an
unique referent.
While this feature of proper names allows to the conclude that every
name has a referent, it does not follow that the bearer has one single way
to be referred. In fact, this assumption would nod consider that many name
bearers (be they humans, living or non living things), may be known under
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multiple names, in addition to their original one. For instance, there is
the case of multiple names referring to the same geographic feature but are
neither spelling variants of another nor are they related, i.e., bearer that are
polyonymous (e.g., ‘Holland’ and ‘the Netherlands’ both refer to the same
European country). In fact, because of this property, names are said to be
polysemous, i.e., they can be shared by different entities.1
If we recall Frege’s contributions from subsection 2.2.1, this phenomenon
was already analyzed when he considered informative identity statements
such as ‘Hesperus is Phosphorous’, i.e., two names denoting the same en-
tity [16]. Yet, it must be noted that, regardless of the validity of the argu-
ment, this analysis, and those stemmed from it, applies only to cases of the
same entity being described differently according to a certain attribute of its,
e.g., being a star visible either in the morning or in the evening, as in the
case of Venus. In fact, philosophy does not attempt to capture pragmatical
aspects of names like, e.g., pseudonyms. In other words, Frege (and philos-
ophy at large) limits itself to definite descriptions, relegating the entity to
a rather passive role, without considering sentient choices like choosing an
username or a nickname. Moreover, albeit one of the its puzzles, informative
identity statements represent a particular and restricted case of issues related
to multiple names.
Therefore, we need to take into account other types of names, by going
beyond the problems of meaning and reference, thus considering how and
why when we say ‘name’, we may refer (be it knowingly or unknowingly)
to a particular ‘type’ of name, i.e., a name which is not the original one of
the entity, with specific features and context of usage. In fact, philosophy
does not have an answer for this issue, whereas other fields of study (e.g.,
sociology) do [1]. However, since this issue seems to relate to a pragmatical
level, i.e., it concerns social and practical aspect of the issue of names, and it
appears to be relevant for our research, we analyzed a list of different types
of name, to help discriminate names in different contexts. We will illustrate
our findings in section 3.1.
On the other hand, there is the other issue, from a different fields of
study, that needs to be investigated — name variation in multilingual con-
texts. In fact, while sociology deals with name variants, i.e., other names in
addition to the subject’s original one, it does not study the process of name
variations, i.e., which changes may a name undergo, due to mono- or multi-
lingual contexts. By monolingual context, we mean a variation that happens
in one language only, e.g., misspellings, whereas by multilingual contexts we
1For instance, [41] notes that Wikipedia contains over 100 people with the name ‘John
Williams’.
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broadly mean any translation or transliteration affecting the name when be-
ing ‘used’ by a language other than its own, as we said at the beginning of
this chapter. Indeed, misspellings do not pose a difficult theoretical problem
per se, but rather a pragmatical one, which will be thoroughly discussed in
chapter 5. On the other hand, multilingual name variations constitute an
important issue for names, especially in geography (e.g., as [39], [30], [48]
and [28] show); yet, being a matter of languages and interlingual contexts,
one could argue that is mainly a linguistic problem.
Nevertheless, the issue has received lot of attention from the geographic
community, especially those scholar who study atlases, as there is the need
to find a way to standardize the names of geographical features (i.e., cities,
mountains, rivers, etc. . . ) across multiple languages. In order to do so, they
developed a set of concepts that address this phenomenon, and that will be
illustrated in section 3.2.
3.1 The Class of Names
In this section we will illustrate the class of name variants, showing the
process behind their usage and creation, and also providing a clear distinction
among them. Thus, we need to distinguish names per se, i.e., the names
from which name variants stem, and the actual name variants, which are
still ‘names’ nonetheless. Therefore, we adopt the following terminology:
‘name(s)’ are defined as the preferred or official proper noun or proper name
used to refer to an entity, while switching to other classes of names, i.e.,
name variants, in the other cases.
Instead of uniqueness of reference, usage is our the criterion for discrim-
inating between official and non official names. Consequently, we call the
class of non official names pseudonym. Pseudonyms, which literally means
false name in ancient Greek, can be broadly defined as an “alternative name
an entity chooses for a particular purpose, which differs from its original or
true name” [1]. This is an overlapping concept with alias, a.k.a., allonym,
pen name (or stage name), and nicknames. We are inclined to believe the
concept of pseudonym can be used to indicate a class of alternative names
because it’s the most general one. In fact, pseudonyms differ from the other
cases, since these other alternative names are used according to the referent’s
agenda and depending on the context. For instance, aliases are different from
pseudonyms, for in legal cases pseudonyms are allowed as “a way to shield the
privacy of rape victims” [35], whereas aliases are illegal “on their generally de-
ceiving feature” [35]. Furthermore, pseudonyms are different from nicknames
when it comes to their process of assignment. In fact, while nicknames are
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generally given by others (e.g., a pet name, an inside joke in a social circle,
etc. . . ), pseudonyms are self-selected [1]. Pen names and stages name can be
considered special cases of pseudonyms in the entertainment area, whereas
allonyms indicate a name of another person assumed by someone in author-
ship of a work of art;2 this means that allonyms have a somewhat narrower
scope than pseudonyms.
To sum up, we elected pseudonym as name of the non official name class,
for it has a larger scope than the other types of name; we will now turn into
a detailed description of these subclasses.
Alias: while being known under the acronym a.k.a. (also known as), this
is the closest synonym for pseudonym, and it is sometimes used as its
equivalent. Our motivation for distinguishing it from the latter is that
alias tend to denote a willing detachment for the original name, as
the individual seeks to “deny any historical connection to the previ-
ous name and its corresponding identity” [1], whereas the pseudonym
is assumed “with little or no effort to deny the individual’s original
name, even if the original name is rarely referred to” [1]. Furthermore,
allonyms can be considered a special case of alias.
Overall, while in the other cases the purpose of privacy is one of the
many possibilities, it seems that this is the sole motivation to resort to
aliases.
Some examples of aliases are:
 In legal cases, John Doe is used for a party whose true identity is
unknown or must be withheld in a legal action [35]
 The Unabomber, alias of Theodore Kaczynski used during its trial [35]
Pen name: it may be defined as a different name used in artistic areas in
order to conceal the original name or to better market the author’s
works with an appealing name, with notable equivalent as stage name
for actors, singers, and entertainers at large.
Unlike an alias, a pen name has a higher level of usage (i.e., it is more
salient than the original name), due to its public nature, and can result
in a tougher challenge for name matching.
Famous examples of this type of pseudonym are:
 Mark Twain, pen name of Samuel Clemens
 Freddie Mercury, stage name of Farookh Bulsara
 George Orwell, pen name of Eric Blair
2http://www.collinsdictionary.com/
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Nickname: it may be defined as familiar or humorous name given as a re-
placement for or addition to the proper name. In other words, a nick-
name establishes a metonomic relation with the person’s name (i.e.,
takes a feature to refer to the whole being of the name owner), raising
and underlining an attribute to reference level.
The first difference from the previous two name classes is that, while
they are chosen by the bearer for his or her own reasons, a nickname
can be assigned both ways, with a higher chance of being assigned by a
third party. In fact, a pseudonym is typically self-selected and “empha-
sizes aspects of identity that the recipient of the name wishes to make
known publicly” [1], whereas a nickname is given by others “to accents
members of the community want to emphasize even if the recipients of
the nicknames prefer to be reminded of [. . . ] other aspects” [1]. There-
fore, it is more prone to stem from a notable feature of the bearer (e.g.,
‘Fatty’ for an overweight person), a shortening of the original name
(Australian names are a famous case)3, personality traits, and so on.
Some famous example of nicknames are:
 Tricky Dick, nickname given to Richard Nixon during the 1950
U.S. Senate race in California
 The King of Rock ’n’ Roll, common nickname of Elvis Presley
 Old Possum, Ezra Pound’s nickname for the British poet Thomas
Stearns Eliot
Overall, nicknames tend to be much more cultural and language specific
than the other two cases, thus harder to formalize; yet, there have
been attempts like [11] that, using various resources, show that name
variants may be integrated into a database. Furthermore, [11] notes
that nicknames may be associated with hypocorism, i.e., a lesser form
of the given name used in more intimate situations, e.g., as a term of
endearment or a pet name.
Thanks to these classes, we hopefully shed some light on the inner mech-
anisms by which a name from the pseudonym class comes to life, and how it
can affect the problem of names overall. Drawing from sociology, we found a
way to take into account the social factors who make names a difficult sub-
ject, beyond the (albeit relevant as well) problems of reference and meaning.
3A deeper analysis of the phenomenon in S. F. Kiesling, Comparative Studies in Aus-
tralian and New Zealand English: Grammar and Beyond, edited by P. Peters, P. Collins,
and A. Smith, World Englishes, Vol. 30, 449–452, (2010)
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3.2 Endonym vs. Exonym
Now that we discussed our findings with regard to name variants, let us
now turn to the findings on multilingual name variations, i.e., exonyms and
endonyms from the field of geography.
An exonym is a name “used in a specific language for a geographical
feature situated outside the area where that language has official status and
differs in form from the name used in the official language or languages of
the area where the geographical feature is situated” [9]. On the other hand,
an endonym is “the name of an object in one of the languages occurring
in the area where the feature is situated” [9]. For instance, ‘London’ is
the endonym of the British capital, whereas its Italian exonym is ‘Londra’.
Moreover, the officially romanized endonym ‘Moskva’ is not an exonym, nor
is the Pinyin form ‘Beijing’. In fact, while ‘Peking’ is an exonym because
it’s an actually different word, the two previous cases are just the result
of switching between two different alphabets, thus leaving the name intact.
In other words, exonyms are only concerned with languages, disregarding
transliterations.
Furthermore, in the literature there is another concept related to these
two: the exograph, i.e. importing a name from one language (i.e., source lan-
guage) to another (i.e., target language). For instance, the Estonian ‘Viin’
for the Austrian capital ‘Wien’. We will see that this concept will be funda-
mental in our approach to tackle the issue of name variation in multilingual
contexts
In addition, although mainly used for geographical objects, these terms
are commonly used for names of other types of objects:
a) People: e.g., Napoleon is the French endonym of the famous politician,
whereas its Italian exonym is Napoleone.
b) Creative works: e.g., Pride and Prejudice is the English endonym of
Jane Austen’s most famous book.
c) Events: e.g., First Italian War of Independence is the English exonym
of the Italian event Prima Guerra d’Indipendenza.
d) Organizations: e.g., can be considered the endonym of the international
organization.
Moreover, because of the efforts of standardization of exonyms used by
all the countries, we could look up all the different usage and trend of given
exonym by two languages and then derive pragmatic rules (or hints, at the
very least) of translation. A work in this direction is [48], where Raukko lists
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100 European city names in 8 different languages, and their translated coun-
terparts (be they exonyms, exophones or exographs). Among the findings of
this research (including how heavily a language relies on exonyms rather than
endonyms, as in Romance ones, or vice versa, as in Scandinavian ones), we
wish to point out that Raukko finds a pattern (“The French-Spanish-Italian
connection”, as he names it) among French, Spanish and Italian exonyms:
Italian adds final vowels (e.g., ‘Toulon’[fr] vs. ‘Tolone’[it]), whereas French
deletes them (e.g., ‘Barcellona’[sp] vs. ‘Barcellone’[fr]; this counts as deletion
because the ‘e’ is mute in French), and tends to add an ‘s’ to its exonyms,
basing this hypothesis on the fact many French endonyms end with an ‘s’
(e.g., ‘Paris’, ‘Nantes’, ‘Poitiers’, etc. . . ). In addition, Raukko stresses the
importance of English exonyms, for they are the basis for any standardised
transliteration and nomenclature (in fact, it is language of the Germanic
family that uses exonym the most and more extensively).
Now, if we take a step back from geography, some considerations are in
order. Firstly, we saw that this phenomenon of multilingual variations does
not limit itself to geographical features, but to many more elements of our
daily life. Because of this, it seems that the common reason behind the need
of translation is whether an object is ‘used’ in multiple linguistic commu-
nities; in other words, the more an object is important to many languages,
the more a language may need to accommodate its name to its phonetic and
syntactic rules, thus ‘using’ the object name effortlessly.
This may explain why we have exonyms, and why they generally apply to
capital cities4, major cities or border cities with important minorities (e.g.,
Alto Adige or Val d’Aosta in Italy) –because they are famous (i.e., important
center of commerce, tourism, political power, etc. . . ). As Michna notes, “if
a geographical object has a great importance, it will be better known in
its wider environment. Such objects have a great chance of having several
names (exonyms) in different language” [39]. Furthermore, claims Michna,
it appears that the criteria atlas rely on may be considered similar to the
usage criterion: priority to mountain ranges over valleys and lowlands, height
(i.e., the highest mountains get exonyms), importance of location (i.e., passes
located on major transportation routes or mountain ridges which lie on state
border). In other words, “the quantitative criteria applicable to mountain
ranges include the area they cover and their elevation. The qualitative criteria
are equally important and usually features such as uplands or mountains are
named” [39].
Of course, this intuition, although it may shed some light on the matter,
4“There are four names on the 100 list [of cities] that each of the eight TL’s uses an
exonym for, all being national capitals” [48].
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carries some issues. Firstly, just like pseudonyms, it is highly context depen-
dant, as the status of usage is based on various factors. In fact, someone (or
something) may become widespread, and thus ‘used’, and then become un-
known relatively quickly (even though the creation of exonyms underlines a
durable status of usage). Secondly, it must be noted that this context depen-
dency sticks to the object, rather than the name per se. For instance, if we
know that the apostle ‘Giovanni’ is ‘Juan’ in Spanish, then why should not
all the people named ‘Giovanni’ presents themselves as ‘Juan’ in Spain, and
vice versa? In other words, should, e.g., ‘Juan Pane’ and ‘Giovanni Pane’,
be considered as names referring to the same person? Plus, not every name
‘used’ in different linguistic contexts is translated, e.g., current famous polit-
ical figures like US president Barack Obama, whereas older (if not ancient)
political figures like ‘Caesar’ seem to generally have their name translated.
Thus, we could say that the period of the name bearer may be an additional
factor, in addition to ‘usage’. Another evidence supporting this intuition is
the fact that classical music pieces (e.g., the ‘Ninth symphony’ by Beethoven)
are translated, whereas contemporary songs titles are not.
Regardless of the many issues the intuition behind ‘usage’ leads to, it has
one merit: it underlines how relevant and pervasive the issue of multilingual
name variations is outside scholarly communities. Because of this, although
the other issues from philosophy and sociology are indeed important (and
will be explored in this work), and because of the growing interest that this
type of name variations is receiving, we believe that multilingual variations
are of paramount importance. Thus, they require a thoroughly investigation,
while keeping in mind the other issues, e.g. name variants and reference.
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Chapter 4
A Taxonomy of Name
Variations
In this chapter, we will first introduce our taxonomy of name variations. As
we said in section 3.2, multilingual name variations will be an important (al-
beit not the one and only) issue we will focus in this work. Therefore, we need
to provide a detailed description not only of multilingual name variations,
but also monolingual ones, i.e., name variations inside a single language. In
fact, there is the need to account for them, given their frequency and rele-
vance, even though they have received a considerable amount of attention in
the past years; in fact, they have been studied in depth (e.g., [42], [8], [52],
and [2]).
Furthermore, the main difference between multilingual name variations
and monolingual ones is that, while multilingual name variations actually
deal with translation, the monolingual one deal with language independent
factors like misspellings and format (i.e., how elements of the name are posi-
tioned). Although clearly distinguished, both variations may affect the same
name; for instance, ‘Jon’ is a misspelling (i.e., a monolingual variation) of
the translation (i.e, a multilingual variation) of the Spanish name ‘Juan’.
In addition, our taxonomy considers also the name variants list in Sec-
tion 3.1, since they may be subject to name variations, but, given that
pseudonyms are explored thoroughly in the appropriate section, we won’t
list them again here.
Moving to the structure of our taxonomy, we distinguish four main sec-
tions:
a) Actual translations, i.e., translations of a whole name, are called full
translations and are illustrated in Section 4.1. It consists of a single
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instance, i.e., exographs, a term related to exonyms and endonyms.1
b) in addition to whole translations, there are cases where translation does
not affect names directly, but rather the other elements of the proper
name (e.g., honorifics for person names, geographical common noun for
places, etc. . . ), i.e., part-of translations. Section 4.2 investigates three
different cases of part-of translation.
c) A list of all the possible cases of misspellings we could find in the literature
is illustrated in Section 4.3.
d) Three possible cases of format variations (i.e., how the elements of the
proper name are positioned) are illustrated in Section 4.4.
Let us now take a look at the structure of the taxonomy in more depth.
4.1 Full translation
The only element of this class of name variation is the exograph, and it
can be defined as “importing a name from a SL (source language) [i.e., the
name’s original language], and adapting it to a TL (target language) [i.e.,
the name’s final language] phonetic structure” [48]; of course, it is highly
language dependent in the degree of variation the name undergoes from the
SL to the TL.
To provide a better perspective of the high degree of variance in trans-
lation, consider the case of exographs between close languages (Spanish and
Italian in Case 1 and Latin and Italian in Case 2), or between distant lan-
guages (English and Swedish in Case 3 and English and Italian in Case
4)
Case 1 ‘Aphrodites’[gr] vs. Afrodita[es], Afrodite[it]
Case 2 ‘Titianus’[lat] vs. Tiziano[it]
Case 3 ‘Batman’[en] vs. La¨derlappen[sv]
Case 4 ‘Goofy’[en] vs. Pippo[it]
First of all, the contribution of the full translation section is that it bor-
rows a strict terminology from the geography field to explain as clearly as
possible the process of a full import from one language to another. In ad-
dition, an exograph includes the case of transliteration, since it obviously
consider the case of switching between different alphabets.
1See Section 3.2 for a definition of these terms.
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4.2 Part-of translation
Part-of translation helps pointing out that, in many cases, a name can be
composed with common or proper nouns, coherently with the definition of a
proper name in Chapter 2. Yet, this class of variations underlines another
possibility, i.e., that while the proper noun is not translated, the common
noun(s) is translated instead. For instance, ‘Lake of Garda’/‘Garda Lake’
[en], where the proper noun ‘Garda’ passes the translation unto its other
syntactical parts, i.e., ‘Lake’ or ‘Lake of’. This may be due to the fact that,
not having a translation for the name ‘Garda’ (but for the rest of the proper
name), it tries to help understanding what type of entity it, by translating
‘Lake’ or ‘Lake of’.
Strictly speaking, the common nouns translated may be considered trigger
words, i.e., “local patterns [...] to recognise names” [46]. In our case, they
serve the purpose of indicating, if translated, that we are dealing with a case
of part-of translation, and whether the proper noun is translated.
 Place: a geographical common noun or the generic term that expresses
the character of the object, e.g., hill, valley, sea, and so on.
The following names are example of Place related part-of translation:
– ‘Lago di Garda’[it] vs. Lake of Garda/GardaLake[en], Garda see[de].
– ‘Monte Bondone’ vs. Mount Bondone[en].
 Person: honorific, i.e., a word or expression with connotations convey-
ing esteem or respect when used in addressing or referring to a person.
We distinguish between ‘proper’ honorifics and ‘common’ honorifics or
job titles.
Examples of ‘proper’ honorifics are:
– King, Queen[en], Papa[it], Heilige[de].
Whereas examples of ‘common’ honorifics are
– Mr, Prof.[en], Sig.na, Dott.[it].
The main difference between the two types of honorifics is that, while
‘proper’ ones are trigger words for translated names, since their bearer
is likely to be known in many different languages, ‘common’ honorifics
do not imply any translation; rather, their are translated into their
equivalent, if available (e.g., ‘Mr.’[en] vs. ‘Sig.’[it]).
 Organization: acronyms and company endings.
Some examples are:
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– inc., ltd.[en], s.p.a, s.r.l.[it].
While names of enterprises tend to remain untranslated, except for the
case of transliteration, such qualifiers vary according to countries’ law
and economic structures.
Moreover, unlike the case of exographs, the process of translation applied
to the part, i.e., the trigger word, is rather automatic, and easily accounted
for by gazetteers [44], i.e.,“dictionaries of placenames [that] contain descrip-
tive information about named places” [21]. In fact, considering the three
cases more closely, none of them results relevantly dependant on culture or
language factors, because of an overall standardization in all the cases of the
part-of translation. In other words, there is an equivalence of titles of enter-
prise needed for commercial purposes, an equivalence of honorifics in order
to facilitate communication in social event, and a low level of discrepancy
between languages on geographical terms (i.e., there are few lexical gaps in
the geography domain).
Arguably, there can be cases of proper names consisting of both trigger
words and names, where they are both translated: in that case, we claim that
we are dealing with a full translation and part-of translation (although the
whole name is translated), since both exograph and trigger words indicate
the translation of the proper noun. On the other hand, in the case of part-of
translation, only trigger words are translated, and the name is left unaffected.
4.3 Misspelling
Overall, this list tries to cover as many types of misspellings as possible, and
it is largely based on classifications found in the literature on the subject
(especially [7], [4], and [3]).
 Punctuation: e.g., ‘Owens Corning’ vs. ‘Owens-Corning’; ‘IBM’ vs.
‘I.B.M.’
 Capitalization: e.g., ‘citibank’ vs. ‘Citibank’; ‘SMITH’ vs. ‘Smith’.
 Spacing: e.g., ‘J.C. Penny’ vs. ‘J.C. Penny’.
 Omissions: e.g., ‘Collin’ vs. ‘Colin’.
 Additions: e.g., ‘McDonald’ vs. ‘MacDonald’.
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 Substitution: e.g., ‘Meier’ and ‘Meyer’. This also include a type of
substitution that [7] defines as ‘wrongly typed neighbouring keys’ (e.g.,
‘n’ and ‘m’, ‘e’ and ‘r’, etc. . . ); the likelihood of letter substitutions
obviously depends upon the keyboard layout.
Nonetheless, it was treated as a single case together with substitution
during the validation step.
 Phonetic variation: the phonemes are modified and the structure of
a name is changed substantially: e.g., ‘Sinclair’ vs. ‘St. Clair’; ‘Jose´’
vs. Jose.
 Switching a pair of neighbouring letters: e.g., ‘Fausto’ vs. ‘Fa-
suto’.
As many studies note, misspelling are relevant issues in database mainte-
nance [7], legal cases, and counter terrorism [4]. In addition, among the four
types of name variations, misspellings are the easiest to approach via auto-
matic methods, as demonstrated by the large numbers of algorithms devised
to tackle them.2
4.4 Format
This name variation deals with the positioning (i.e., format) of the name
elements, and it generally applies to people names (with the only exception
of some type of places, e.g. lakes as in ‘Ontario Lake’ vs. ‘Lake Ontario’).
Because of their dependency on people customs, the three following elements
are types of variation of varying frequency. In other words, since they are
more dependant on the entity (i.e., people) than other variations, their oc-
currence is variable and limited to certain entities.
Case 1 Switching between given and family name; e.g., ‘Fausto Giunchiglia’/
‘Giunchiglia Fausto’
Case 2 Compound names might be given in full (potentially with different
separators), one component only [7]; e.g., ‘Hans-Peter’; ‘SmithMiller’
Case 3 Initials (mainly for middle and given names); e.g., ‘Juan Pane’
vs. ‘J.P’.; e.g., ‘Beau Justin Agnello’ vs. ‘Beau J. Agnello’
2For and extensive overview on the state-of-the-art algorithms, see [42]
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Arguably, in Case 1, the second option is actually the custom in Asian
culture, which may lead to confusion when trying to detect the first name or
the surname of an Asian person; moreover, Case 2 is quite rare.
Indeed, Case 3 (especially its second example) is probably the one with
the highest chance of being encountered, as far as format variations are con-
cerned. In fact, it is due to two widespread customs in different areas of the
world: Spanish format and middle names. Spanish Format may be defined
as the custom of Spanish speaking countries, with full names (generally used
in official occasions) consisting of a given name (simple or composite) fol-
lowed by two family names (surnames). The first surname is traditionally
the father’s first surname, and the second the mother’s first surname.3 In ad-
dition, there can be one or more middle name between the first name and the
surnames. For instance, ‘Juan Ignacio Pane Ferna´ndez’ is the official name,
while the general way of addressing is ‘Juan’ (given name) ‘Pane’ (father’s
first surname).
On the other hand, middle names may be defined as names consisting
of a first name and a surname, with a name between them (hence middle
name). In some countries there is usually only one middle name, and in the
United States and Canada it is often abbreviated to the middle initial (e.g.
‘James Ronald Bass’ becomes ‘James R. Bass’, which is usually standard for
signatures) or omitted entirely in everyday use (e.g. just ‘James Bass’). In
the United Kingdom he would usually be referred to either as ‘James Bass’,
‘J. R. Bass’ or ‘James Ronald Bass’, or he may choose ‘Ronald Bass’, and
informally there may be familiar shortenings.4 It may be the case that there
are more than one middle name, depending on the custom of the language
community of the name bearer.
Finally, there is also the case of authors of scholarly works names, whose
format depend on the bibliographic style used to encode the bibliography; in
fact, there are several bibliographic style that can change the format of the
name.5
Style Mary-Claire van Leunen Oren Patashnik Charles Louis de la Vallee Poussin
ieeetr, phjcp, abbrv M.-C. van Leunen O. Patashnik C. L. de la Vallee Poussin
unsrt, IEEE, plain Mary-Claire van Leunen Oren Patashnik Charles Louis de la Vallee Poussin
ama Leunen Mary-Claire Patashnik Oren Vallee Poussin Charles Louis
cj, nar, acm van Leunen, M.-C. Patashnik, O. de la Vallee Poussin, C. L.
Table 4.1: Format Changes Due to Different Bibliography Styles
3See the related page on Wikipedia.
4See the related page on Wikipedia.
5http://amath.colorado.edu/documentation/LaTeX/reference/faq/bibstyles.html
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Consider Table 4.1, that shows examples of three different names: ‘Mary-
Claire van Leunen’, ‘Oren Patashnik’, and ‘Charles Louis de la Vallee Poussin’,
and how the different styles affect their format. Admittedly, some of these
changes could also fall under some misspelling cases presented in Section 4.3,
e.g., Punctuation. Yet, in this case the variation is somewhat standardized,
as it follows a certain style, with fixed rules that guide the format, rather
than occasional mistakes.
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Chapter 5
Problem Statement
In this chapter we will illustrate the issue we aim to tackle, i.e., the task
of matching mono- and multilingual name variations and name variants in
a distributed scenario. In fact, basing on the issues described in Chapter 2
and 3, i.e., reference and meaning in philosophy, name variants in sociology
and name variations in linguistics, we can see how pervasive they are among
different fields — even more since the Web and the consequent overwhelming
amount of data (and thus names), which is an important topic in computer
science.
The area, among many, which deals with the issue of name in the scope of
computer science is name matching, and it will be the main area of focus in
this work. Broadly speaking, name matching is “discovering instances that
differ typographically (different surface appearance) but represent the same
concept/entity” [54].
Before moving to our framework of name matching, we need to clarify a
part of this task definition, i.e., what is an entity? In computer science, an
entity is defined as “a ‘thing’ which can be distinctly identified [. . . ] a specific
person, company, or event is an example of an entity” [6]; similarly, Hume
defines entities as “‘things’ that exist in the real world” [27]. Furthermore,
“the information about an entity [. . . ] is expressed by a set of attribute-value
pairs” [6]; in other words, attributes, and their relative values, represent the
properties of entities. Consequently, “entities with the same set of attribute
[are] entity types” [6] (also called entity sets); for instance, all entities be-
longing to the entity type ‘Book’ will have the same attributes, e.g. ‘Ubik’
will have attributes like ‘Author’, ‘Genre’, ‘Year’, and so on.
Now we will define the scenario itself. Its architecture is based on a P2P
network of users, whose structure consists of three level (or layers):
Local: the level of users, who have their own personal repository of entities.
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Community: the level where a certain number of users, i.e., a community,
can share their entities.
Global: the ‘universal’ level, i.e., a global repository of all the entities.
Because of this structure, entities are not simply stored in centralized
system, rather they are distributed. In fact, since every user has a repositories
of entities, the same entity may be present in multiple repositories, with
different possible attributes values. In other words, every entity at local level
is a partial view of the real word one, that can be found at global level, which
holds the ‘universal’ view of entities.
Since every entity has a name, name matching is needed at all levels,
because, regardless of the level where the matching is performed, the name
of an entity is an important query; thus, the problem scenario is:
1. A user queries an entity name.
2. The system has to match two strings, and must recognize that they
both refer to the same entity.
Considering that the only other mandatory information available about
the entity, apart from its name, is the entity type it belongs to, how do name
variations and name variants represent an issue for this task?
Name Variants They are actually different names, underlining another
view of the entity, so they may be very distant from the original entity
name.
Name Variations The issues vary depending on the language context(s)
 Monolingual Name Variations Variations such as misspellings and
format changes,1 while adding or searching for entities names are
frequent and pervasive, slightly changing the name orthography.
 Multilingual Name Variations They change the ‘surface’ of a name
to the point of being unrecognizable — even worse when it comes
to different alphabets (i.e., the case of transliteration [46]).2
Furthermore, because of the structure of our scenario, the importance of
both name variations and name variants changes with the level. In fact, on
local level, since a user is likely to generally have entities in his or her own
1See Section 4.3 and 4.4 for an overview on the cases of monolingual variations
2We must point out that transliteration is a peripheral problem for our scope, since
the only alphabet used in our scenario is the Latin one.
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language(s), monolingual variations and name variants are more common
instead of multilingual variations. On the other hand, tables turn when
considering global level, where multilingual name variations are predominant.
Plus, name variations and name variants represent an issue not only when
querying, but also when managing the system. In fact, when matching, both
the computational power required to perform the task (i.e., the CPU), and
the disk (i.e., the amount of memory where entities are stored) must be
considered. In fact, while both depend on the machine available to users
on local level, at the global level, since multilingual variations and variants
require, e.g., name dictionaries,3 they need to be stored; thus, searching
through them for candidate strings is computationally expensive, and may
slow down other processes.
Furthermore, there is the need to design the architecture of the entities
names, in order to account for the different types of names, be they variants
or variations, that are to be stored; plus, in the case of name variations,
there is the need to indicate the language of each variation. The main issue
is whether it is worth distinguishing also in practice variants and variations,
since they may happen at the same time, as other architectures, e.g., the
ontology YAGO2,4 do not distinguish between variants and variations; in
fact, apart from ‘hasPreferredName’, all the possible alternatives fall under
the ‘isCalled’ attribute, without any further distinction.5
3See Section 4.2 and 6.3 for definition and usage of named dictionaries in the literature,
respectively.
4See [22] for an exhaustive overview of YAGO2 ontology.
5For instance, see ‘Napoleon’ at https://d5gate.ag5.mpi-sb.mpg.de/webyagospotlx/
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Chapter 6
Related Works
Before illustrating our proposals for tackling the issue of multilingual name
variations, we will study the approaches in the field of name matching dealing
with names and give an overview of the related works and fields. Firstly, we
will provide a general definition of name matching and see how it differs
from our view of the task in section 6.1, then we will compare it with three
other field that deal with name in computer science: named entity recognition
(NER), named entity disambiguation (NED), and entity linking — dedicating
a section to every one of them, stating the difference between them and our
approach to name matching, plus showing how we took advantage of these
field’s findings.
6.1 Name Matching
As presented in chapter 5, name matching may be broadly defined as “dis-
covering instances that differ typographically (different surface appearance)
but represent the same concept/entity” [54]. This need for matching different
names, disregarding complex theoretical issues like the philosophical issue of
meaning, comes from the early 60s in the area of record linkage [15]. Basi-
cally, the idea behind this task is to tackle the problem as a “classification
problem, where the basic goal is to classify entity pairs as matching or non-
matching. Fellegi and Sunter propose using largely unsupervised methods for
this task, based on a feature-based representation of pairs which is manually
designed and to some extent problem-specific” [2].
As [8] notes, other communities, namely the database and artificial intel-
ligence communities, took advantage of the findings in such area. While the
single methods developed vary [2], overall they supported the development
of more autonomous systems rather than methods for human experts, via
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algorithms.
In order to provide a better picture of how these algorithms work, we will
follow the approach by P. Christen [7], who divides name matching algorithms
in two categories: phonetic encoding and pattern matching. Algorithms be-
longing to the first category “attempt to convert a name string into a code
according to how a name is pronounced (i.e. the way a name is spoken)” [7],
whereas those belonging to the second one try to see how close the two string
of characters are by calculating a “normalised similarity measure between 1.0
(strings are the same) and 0.0 (strings are totally different) [. . . ] For some of
the techniques, different approaches to calculate such a similarity exist” [7].
Algorithms based on phonetic encoding are, e.g., Soundex, the original
version of both Phonex and Phonix, which normalize the name by keeping
the first letter in a string and converting the rest into numbers according to a
conversion table (which substitutes letters with numbers), obtaining a code
that represents the name, e.g., ‘Peter’ is p360. Its main flaw, as [7] notes, is
that “it keeps the first letter, thus any error or variation at the beginning of
a name will result in a different Soundex code”. Furthermore, most of the
phonetic encoding algorithms were designed basing on English phonetics,
thus needing to be tuned to whichever language the names to be matched
belong to, as [45] and [7] note; thus, they are not scalable for multilingual
contexts. In fact, considering our framework, we stated in Chapter 5 that
users at local level are more likely to have a limited set of languages (and thus
translated names), with more entities name translated in known languages,
which may not be English. As for global level, there are of course too many
languages to consider implementing every language phonetics viable.
On the other hand, pattern matching algorithms do not incur into such
issues, as their method is language independent. The first one devised is the
Levenshtein (or Edit distance), “defined for strings of arbitrary length and
counts differences between strings in terms of the number of character inser-
tions and deletions needed to convert one into the other, the minimum edit
distance is then the similarity” [52]. Another widely used algorithm is Jaro,
which “accounts for insertions, deletions and transpositions. The algorithm
calculates the number c of common characters (agreeing characters that are
within half the length of the longer string) and the number of transpositions
t” [7]. The similarity measure is calculated as:
simjaro(s1, s2) =
1
3
(
c
|s1| +
c
|s2| +
c− t
c
) (6.1)
In addition, there is the Winkler algorithm, that builds on Jaro and improves
it “by applying ideas based on empirical studies which found that fewer errors
typically occur at the beginning of names. The Winkler algorithm therefore
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increases the Jaro similarity measure for agreeing initial characters” [7]. The
similarity measure is calculated as:
simwink(s1, s2) = simjaro(s1, s2) +
s
8
(1.0− simjaro(s1, s2)) (6.2)
Yet, while these measures may effectively tackle misspellings, performance
would drop if they are faced with format variations (e.g., swapped words, as
in ‘Fausto Giunchiglia’ vs. ‘Giunchiglia Fausto’). In fact, the edit cost to
convert one or the another would be very high, thus making the system deem
the two names not matching. To account for this, algorithms like Longest
Common Sub-string (LCS), that “finds and removes the longest common
sub-string in the two strings compared, up to a minimum lengths” [7], were
developed. This overview further proves our claim that monolingual name
variations have received a lot of attention in the past years and there is a
wide state-of-the-art literature on the subject.
Now that we saw the algorithms, it is clear that these methods, and name
matching at large, deal with strings, i.e., sequence of symbols and/or digits.
Consequently, Branting describes name matching as “the task of recognizing
when two different strings denote [i.e., match] the same [...] entity” [4];
similarly [7] defines name matching as “the process of determining whether
two name strings are instances of the same name”. Furthermore, Branting
considers name matching an instance of the general problem of approximate
string matching, i.e., “determining whether the edit distance between the
pattern [a given name] and target [strings in which the patterns are sought] is
less than a given mismatch threshold. The edit distance between two strings
consists of the number of insertions, deletions, or substitutions required to
make the pattern equal to the target” [3]. Indeed, here we see the issue of
multilingual name variations illustrated in chapter 5, i.e., that relying on
automatic methods for translation is not viable, as, if we follow Branting’s
definition, we would need to tune the mismatch threshold for every possible
language in our system.
Turning back to Branting’s definition, he further clears it by dividing the
process of the name matching task into two steps:
1. It starts with one or more pattern strings (usually proper names or
proper nouns) and a collection of target strings (where the patterns are
to be sought).
2. It searches targets that match a pattern so closely, that both are likely
to denote the same entity.
Overall, the name matching task, as [43] illustrates, does not limits itself to
computer sciences, but it is also used especially in computational biology and
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many other areas, such as law enforcement, and then expanded and played
an important role in text understanding, e.g., the co-reference resolution
problem [4].
Now, if we take a step back from computer science, this what philosophy
would call finding if two entities have the same referent. Furthermore, if we
look at name matching from a philosophical point of view, we could say that,
since it works with strings, the semantic value (if any) of the name is not
taken into account. Therefore, name matching operates only on reference,
considering names simply as labels identifying entities; of course, there may
be the case of multiple labels for the same entity (i.e., pseudonyms), which, as
we said in chapter 5 poses quite a challenge. Thus, we can already see that
name matching considers names alongside Millianism and causal theories,
i.e., simple labels to refer to entities, and, although being affected by the
diversity of possible pseudonyms, name matching only operates on the surface
of names.
Our main difference with regard to scope of the task of name matching is
that we focus on very distant matches, as both name variations and variants
can change a name considerably. Therefore, we cannot completely rely on
algorithms available in the literature, but need to account for the language
and context dependant factors, by designing name matching algorithms that
also use name dictionaries of name variations as candidates for the matching.
Plus, the process of matching is exclusive, either the string is matched or it is
not — in our framework, we take it a step further. In fact, while on local level
the name matching is expected to return true or false, i.e., the entity names
exists or not, in a user repository, on a global level our approach to name
matching requires, rather than a positive/negative result, to obtain a list of
possible candidates, and (ideally) a perfect candidate; thus, the task looks
more like name searching. Furthermore, name matching simply considers
strings, regardless of any other information, whereas our approach considers
by default the entity type of the entity whose name its being matched, and,
as we will show in Chapter 7, relies on external resources for creating a list
of name candidates, i.e., name dictionaries, while standard name matching
does not.
6.2 Named Entity Recognition (NER)
In this section, we will introduce a field close to our approach to name match-
ing, i.e., named entity recognition (sometimes referred to as NER). Named
entity recognition is defined as “the identification of proper names in text
and their classification as different types of named entity, e.g., persons, or-
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ganizations, locations” [14], and it is a task of Natural Language Processing
(NLP).
By its definition, we can already see two main differences between NER
and our approach to name matching. Firstly, NER deals exclusively with
texts, as its task is to find names and categorize them, whereas our task
operates with other type of frameworks. In other words, while NER needs
to discover names in text, generally by picking up text clues [46], in our case
name matching takes for granted that the two strings to be matched are
already names. Secondly, NER indicates both the process of finding names
in a text and classifying them in the appropriate category, whereas our idea
of name matching works backwards with respect to NER. In fact, as stated in
Chapter 5, the categorization happens before the process of matching, since
our system requires to assign an entity type, i.e., a category, to every entity
present in the system.
The main contributions that we draw from NER is a type of words that
function as clue when trying to find names— trigger words, i.e., “local pat-
terns [...] to recognise names” [46]. In other words, they serve the purpose
‘triggering’ the system, so that it understands that the next word(s) before or
after this type of words is a name, and belong to a certain type of entity. For
instance, consider the following names: ‘FIAT s.p.a.’, ‘Monte Bondone’, and
‘Sig.Enrico Bignotti’. These three names consist of both proper nouns (i.e.,
‘FIAT’, ‘Bondone’, ‘Enrico’ and ‘Bignotti’) and common nouns (i.e., ‘s.p.a.’,
‘Monte’, and ‘Sig.’); as [46], [24], and [49] show that these (and many more)
types of common nouns both help understand in the text that the nearby
words are name and what type of words they are (e.g., ‘Sig.’ indicates that
the following word is the name of a person).
Yet, even though trigger words may be present in a name (as one string
to match could be, e.g., ‘Mr. Enrico Bignotti’), in the case of name matching
we obviously don’t need trigger words to understand that the string is a
name, since that is taken for granted for this task. Rather, in this work we
devised trigger words not as simple indicators of nearby names (and their
category), but as triggers of translations, whether on themselves or on the
proper noun/name, i.e., as parts of the part-of translations, described in
section 4.2.
This use of trigger words is an intuition we built upon independently
from [44], that does not explicitly consider trigger words, but underlines
the possible modification of parts of the name when translated from French
to German (and vice versa), without any further formalization. Therefore,
based on the literature available, our usage of trigger words seems to be
relevant and novel.
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6.3 Named Entity Disambiguation (NED)
Named entity disambiguation (commonly referred as NED) is “the task of
mapping mentions of entities in a text with the object they are referenc-
ing” [18]. In other words, the purpose of NED is to find which name variant
is referring to an entity, e.g., understanding that both ‘the king of Rock
’n’ Roll’ and ‘Elvis Aaron Presley’ refer to the singer Elvis Presley, being a
nickname and the full middle name, respectively.
NED recognizes if a name is a variant of an original name, basing its
decision on the context given, i.e., a window of words in a text which hint
to what entity is being referred [13], and lists of candidates (usually called
disambiguation dictionaries [5], [13], [56]), containing a set of suitable names
either to match (as in name matching) or to be a name variants (as in NED).
Thus, the difference between our view on name matching and NED is that,
while they both rely on dictionaries of names, NED also needs the “ local con-
textual evidence” [13], i.e., context, in which the name appear. Furthermore,
NED generally tackles name variants, without considering name variations.
To sum up, the standard NED system approach follows these two steps [5]
1. “Detects whether a proper name refers to a named entity included in
the dictionary (detection).”
2. “Disambiguates between multiple named entities that can be denoted
by the same proper name (disambiguation).”
Relying so heavily on dictionaries, NED system need large and constantly
updated sources. Thus, there is a growing interest in the area of NED to-
wards the encyclopedic knowledge obtainable by Wikipedia1, as the work of
[5] shows. Basically, the idea is to use Wikipedia to create a dictionary of
named entities to disambiguate them, thus establishing a baseline method for
further works, e.g, [13]. Following the relevance [5] assigns to Wikipedia, we
decided then to use it as a dataset for the validation of our schema of name
variations, obviously disregarding the need of encyclopedic knowledge for dis-
ambiguating. Since we couldn’t obtain the original of [5], we opted for the
disambiguation dictionaries developed using Wikipedia by [56], which also
created a name dictionary of name translations to be used for their system,
HeiNER.2 While “the Translation Dictionary contains more than 1,5 mil-
lion name entities encountered in the English Wikipedia and its translations
1http://en.wikipedia.org/wiki/Wikipedia
2http://heiner.cl.uni-heidelberg.de/index.shtml
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into the 253 languages available in Wikipedia”3, there are disambiguation
dictionaries “in 16 languages for each Named Entity”.4
Since name variants are extremely important for NED, some works in
this area try also to give a more general account on names, as we do in this
work; one notable example is [55]. First of all, it is one of the few works in
the literature which clearly states the syntactic structure problems of name,
underlining how proper names (PP) ambiguous structure, since “PP may
be attached to the preceding NP5 and form part of a single large name, as
in NP[Midwest Center PP[for NP[Computer Research]]]” [55] or “it may be
independent of the preceding NP, as in NP[Carnegie Hall] PP[for NP[Irwin
Berlin]], where for separates two distinct names, Carnegie Hall and Irwin
Berlin” [55]. This structural changes render the name ambiguous, since “the
exact boundaries of a proper name” [55] (i.e., where the proper name start
and end, e.g., ‘Hebrew University in Jerusalem, Israel’).
Then, [55] goes on and claims that name also show “semantic ambiguity”,
i.e., name variants, also considering namesakes, i.e., entities named “after
famous people” [55] (e.g., the teddy bear, named after Theodore Roosevelt),
which we did not consider, as it is a particular kind of pseudonym, very close
to allonyms from a theoretical point of view (i.e., in both cases, the name
is not completely new, but imported from another entity), and which would
be already disambiguated in our scenario, as every entity belong to a specific
type.
6.4 Entity Linking
The last field to study is entity linking, that “describes the task of matching
references to named entities found in natural language texts to a unique
identier, denoting a specic entity” [32]. Unlike the other two fields of NER
and NED, entity linking differs from name matching not because it considers
different problems of names, e.g., finding their name variants as NED does,
but because name matching can be a task paired with entity linking, since
the former is the step before referring the query name to an element in the
[33]. In other words, name matching is a subtask of entity linking.
From this field, we did not import any practical finding, rather a theoreti-
cal one that strengthen our intuition illustrated in Section 3.2, i.e., translation
of names because of usage in multilingual communities. In fact, general entity
linking works like [57], [38], [47], are overall more focused on matching name
3http://heiner.cl.uni-heidelberg.de/doc.shtml
4http://heiner.cl.uni-heidelberg.de/doc.shtml
5See the definition of noun phrase (NP) in Chapter 2.
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in the scope of monolingual variations (e.g., format change, misspellings,
etc...), while our main purpose is to tackle the problem of multilingual name
variations. In fact, their account on monolingual variations is not different
from ours, as our schema of variations introduced in chapter 4 mainly relies
on heuristics, whereas theirs is automatic, especially in [57] and [47], since
it is based on Wikipedia. For instance, Wikipedia redirect pages are used to
account for alternative names.
Furthermore, while we suggested the possibility of an ‘usage’ criterion
behind the translation of names in section 3.2, also both [38] and [47] (ex-
panding from an intuition in [13] for NED) developed a similar notion, called
‘prominence’, in order to “to estimate measures of popularity” [47], by count-
ing “ the number of in-links, the number of out-links, and the page length (in
bytes)” [47]. In addition, unlike [13] (which limits itself to Wikipedia), [38]
also “submitted the query string to Google and used the rank of Wikipedia
pages in the Google results as an attribute for their corresponding entity”.
Thus, the main difference between ‘being famous’ and ‘prominence’, is that
the latter is limited to names in a single language, whereas the former ac-
counts for names in multilingual contexts; nonetheless, both underline how
the context (in Wikipedia, page links) affects the name of the entity.
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Chapter 7
Proposed Solutions
In this chapter, we will introduce our solutions to the issue presented in
Chapter 5, i.e., the task of matching name variation and name variants in
our scenario, recalling that by name variants we mean other names referring
to an entity in addition to its original name, i.e., pseudonyms, while by name
variations we mean changes to a name’s orthography in multilingual, e.g.,
translations, or monolingual, e.g., misspellings, contexts.
Firstly, we provide a taxonomy of name variation in chapter 4, which
draws from both personal research and state-of-the-art literature, and is di-
vided into four sections. Section 4.1 accounts for full translation (i.e., im-
porting one name from one language to another), relying on a geographical
term related to exonyms and endonyms — the exograph. Section 4.2 also
deal with translation, but it addresses the case of translation of ‘parts’ of the
name, i.e., translation of common nouns instead of proper nouns, e.g. ‘Lake
of Garda’[en] and ‘Lago di Garda’[it].
While Section 4.1 and 4.2 actually deal with translation, Section 4.3
and 4.4 deal with language independent factors like misspellings and for-
mat (i.e., how elements of the name are positioned). We would like to point
out that, as for Section 4.1, our decision to import the concept of exograph
together with its related concepts, which received much attention in the lit-
erature (as [39], [30], [48] and [28] show), is novel in the field of computer
science. In addition, Section 4.2 imports trigger words from NER, deploy-
ing them for new purposes, as illustrated in chapter 6. On the other hand,
methods for tackling misspellings and format were taken directly from the lit-
erature, as showed in Section 6.1, since they are the two ‘automatic’ sections
of the schema.
Our taxonomy helps categorizing name variations but admittedly does
not indicate what approach to follow for tackling them. Thus, what should
the system do in order to match them correctly? We propose to tackle
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multilingual name variations with the aid of named dictionaries, and to tackle
monolingual name variations by using some of the algorithms discussed in
section 6.1. Moreover, we propose to import named dictionaries from various
lexical resources (e.g., HeiNER), or to build upon already existing resources.
In our vision, named dictionaries should be divided by full translations of
names or part-of translation, as trigger words can help by narrowing down the
possible matching strings and speeding up the task of name matching. On the
other hand, choosing which algorithms is more suited to tackle monolingual
name variations is a matter of what type of names the system deals with
(e.g., a system who has few cases of person names may not need to care so
much about format variation like swapping first name and surname).
Secondly, since we also need to deal with name variants and multilingual
variations, we aim to modify the entity name structure by dividing it in
different entries, where the various types of names will be stored.
We will illustrate the details of these contributions throughout this chap-
ter, in addition to our proposals of implementation in our framework.
7.1 Validation from Schema.org
Firstly we need to validate our taxonomy, i.e., confirm that our classification
of name variations is correct and works. To do so, we consider schema.org,
i.e., “a collection of schemas that webmasters can use to markup [the content,
i.e., entities of different types] their pages in ways recognized by major search
providers”1 Thus, it aims for a general, yet accurate enough, coverage of all
possible entity types that can be encountered on the Web; so, it seems a
good place to validate our taxonomy. The structure of schema.org is as
follow: “a set of types, arranged in a multiple inheritance hierarchy where
each type may be a sub class of multiple types”. In other words, types are
like entity types described in Chapter 5, but here there are five ‘main’ types
from which the rest of the types stem: CreativeWork2, Person, Place, Event,
and Organization.
Starting from this model, we check all 860 types (the full list can be
found in the appendix B), in order to find which ones could undergo name
variations. By checking, we mean that for each type we consider via heuristics
if (and how) their name could change because of name variations prioritizing
the multilingual ones, and discarding those whose name variations consisted
1http://schema.org/
2This formatting on type names without spaces is imported from schema.org, and will
be used in this work to indicate an entity type
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only of monolingual name variations, as this would have forced us to choose
every type.
Thus, we obtained the following list of 22 candidate types:
1. CreativeWork
 Book
 Movie
 MusicAlbum
 MusicRecording
 Painting
 TvSeries
2. Event
 Festival
 MusicEvent
 SocialEvent (e.g., awards, wars, etc. . . )
 SportEvent
3. Organization
 Corporation
 Organization
 EducationalOrganization
 SportsTeam
4. Person
 Religious Figures and Monarchy
5. Place
 City
 Country
 LandmarkOrHistoricalBuilding (e.g., Eiffel Tower; this entity type
is also called LOHB)
 Landform
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We wish to point out two facts about this list. Firstly, as for ‘Orga-
nization’, schema.org distinguishes between ‘NGO’, i.e., Non Governmental
Organization, and ‘GovernmentOrganization’, while we merge them in ‘Or-
ganization’ and add ‘Corporation’. In fact, both NGO and GovernmentOr-
ganization are affected by full translation and their difference in terms of
attribute is low, whereas Corporation is the only case of part-of translation,
allowing us to capture more entities. Secondly, Person type lack any subtype
in schema.org whereas we add ‘Religious Figures and Monarchy’. This sub-
type names are the only one of the entity type Person that falls constantly
under both multilingual name variations, e.g., they have proper honorics like
‘King’, whereas other names are less consistent and hard to formalize (e.g.,
ancient artist like ‘Titianus’[lat] vs. ‘Tiziano’[it], while more recent artist like
‘Picasso’ are not translated).
Now that we have the types that show name variations, there is the
need to find in detail which variations every type is more prone to fall under.
Thus, we choose 15 random instances (i.e., entities) of every type, then check,
for every name variation, whether it applies to the instance; the full list of
tables of entity types can be found in Appendix B. For every table, the
rows represent the 15 entities chosen, while the columns represent the name
variations the entities may be affected by.
To sum up the trends of both name variations and name variants, we have
Table 7.1, where the rows, instead of representing the 15 random entities,
represent all the selected types from the schema.org list, while the columns
represent the name variations that they may show.
Moreover, we would like to add some clarification for every column of the
tables, i.e., both Table 7.1 and those in Appendix B.
Full Translation: this column represent all the translations, that are based
on Wikipedia3 multilingual links.
Part-of translation: in this column, because of space and formatting rea-
sons, we just put the trigger word(s) of the name underlined.
Alternative Names: this column was added to also take into account pseudonyms
for the sake of completeness. Moreover, although they are name vari-
ants and not name variations, they may be translated.
Yet, it could be that ‘Alternative Names’ may be the official name of
the entities (i.e., the entity original name). In fact, since we opted for
salience as the main criterion for deeming the name ‘Alternative’ or
not, as explained in Section 3.1, it may be that the official name is less
3http://en.wikipedia.org/wiki/Wikipedia
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used that another one, although this is not a fixed occurrence.
To prove our claim, we decided to submit both names as queries to
Google and Wikipedia, then labelling as ‘Alternative’ the one with
the fewest occurrences. For instance, although ‘Alice’s Adventures in
Wonderland’ is the original name of the book by Carroll, ‘Alice in
Wonderland’ is by far the most used (69.900.000 vs. 912.000 results
on Google); since ‘Alice’s Adventures in Wonderland’ is less used, it
becomes a value of ‘Alternative Name’. On the other hand, ‘The Big
Apple’ cannot substitute in salience ‘New York’ (1,9109 vs. 3109 results,
respectively).
Misspellings: because of space and formatting reasons, we just put one of
the possible misspelled parts of the name.
Format: because of space and formatting reasons, we only listed one ex-
ample of format variation, as the whole list can be easily obtained
automatically, which may be if, e.g., one follows a certain formatting
style for authors’ name.4
Furthermore, the language considered for all the instances in the tables, thus
for both Table 7.1 and those in Appendix B, are the EU official ones, i.e.,
English, German, French, and Spanish, plus Italian and Danish; nevertheless,
the main languages considered are English and Italian. If an entity comes
from either of the languages, we use the other one for translation (if available).
On the other hand, if the entity comes from any other language than English
and Italian, English becomes the language for translation; otherwise, we
switch to Italian.
In conclusion, thanks to schema.org we have now a validation that our
taxonomy works in capturing name variations, and we can also restrict the
number of entity types to which the variations apply. Plus, by testing for
each of the 22 selected entity types, we can obtain a pattern in the way they
are affected by name variations. These patterns can be used also as guidelines
to which strategy use to tackle them, e.g., relying on named dictionaries or
choosing specific algorithms that address format changes in the case of ,e.g.,
Person entities names.
4See Section 4.4 for an overview of the possible bibliography style, and how they change
the name.
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7.2 Entity Name Architecture
In Chapter 5 we also stated that we need to consider how to ‘store’ them
in the entity, i.e., finding a way to modify the entity architecture in order
to represents its name variations and name variants. In fact, it goes against
what we claim in Chapter 5 and logic to create separate entities that are
different because the name of one is a pseudonym or a translation of the
name of the other; for instance, ‘Freddie Mercury’ is the stage name of ‘Fa-
rookh Bulsara’, but, having overall the same attributes, should one create
two separate entities? We believe not.
7.2.1 ‘Name’ Design
Given our Chapter 3 and 4, we could go for a three-parted rendition of the
entity name, with three entries: ‘Preferred’ (the most salient name of an
entity), ‘Alternative Name’ (name variants), and ‘Other’(name variations).
Although theoretically sound, this division does not appear to also work
on the pragmatic side. In fact, we said in Chapter 5 that both name variations
and name variants cannot be tackled automatically, given their dependency
on language and context, rather we need to take advantage of named dictio-
naries for both of them. Therefore, there is no difference in the approach to
tackle the issue between name variants and variations — it’s only a differ-
ence in what the name dictionaries contain, i.e., pseudonyms or translations.
Thus, this distinction would make sense for the user (clearly distinguishing a
nickname from a translation), but not for the system, that would be forced to
keep them apart, but has to use the same resources (e.g., name dictionaries).
Then, similarly to YAGO2 name attribute ‘IsCalled’, we need to merge
‘Alternative Name’ and ‘Other’ in Other Names, that will contain both name
variations and name variants (plus any translation of name variants, e.g. ‘la
Grande Mela’[it] vs. ‘the Big Apple’[en]), while still keeping ‘Preferred’ to
represent the most salient name, following the saliency criterion used for
alternative names in the tables from schema.org types in section 7.1. Yet,
while all multilingual name variations and name variants should be kept with
the entity, along with their target language, monolingual name variations can
be treated automatically via algorithms at runtime5 — thus, it would not
be viable to store all of them. Although some format variations are fixed,
e.g., bibliography styles, some of the algorithms available in the literature
are especially designed to address format variations, e.g., Longest Common
Substring [7].
5See the overview of algorithms in Section 6.1
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To sum up, ‘Preferred’ and ‘Other Names’ should be used in the archi-
tecture following this guidelines:
Preferred This represents the most salient name of the entity, i.e., the most
used name in as many context as possible; nevertheless, it does not
favour name variants. For instance:
 CreativeWork: Frankenstein[en]; Pride and Prejudice[en]
 Event: Second World War [en]; 2008 Olympics [en]
 Organization: UN [en]; Inter [it]
 Person: Enrico Bignotti [it]; Freddie Mercury [en]
 Place: Roma[it]; Lago di Garda[it]
Other Names This entry represent both name variants and multilingual
name variations, while it leaves the monolingual ones to be treated
automatically. For instance, showing both name variations and name
variants:
 CreativeWork:6 Frankenstein; or, The Modern Prometheus [en]
(less salient name); Orgoglio e Pregiudizio[it] (full translation)
 Event: WWII [en] (less salient name); Olimpiadi 2008 [it] (full
translation)
 Organization: United Nations [en] (less salient name); InterMi-
lan[it] (full translation)
 Person: Bigno[it] (nickname); Farook Bulshara[en] (less salient
name)
 Place: La Citta` Eterna[it] (nickname); Garda Lake[en] (part-of
translation)
7.3 Solutions Implementation
Having discussed in detail our taxonomy of name variations and the entity
architecture to accommodate them, we will give a deeper overview of our
scenario, and how we propose to solve the issue of matching name variations
and name variants with our solutions.
Before that, let us briefly recall our framework. As we presented in chap-
ter 5, our scenario is a P2P network of users, consisting of three levels: local,
6Admittedly, ‘Other Names’ could be changed to ‘Other Titles’ in this case
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community and global. Local level represents the user level, i.e., the private
of a user, that stores the user’s entities; these entities may be share on com-
munity level, i.e., the level of communities, groups of users that share certain
entities (e.g., a community of music will share entities related to music). In
addition, there is the global level, i.e., the global view of all the entities that
exists in the network,
One way to index the entities is via a distributed hash table (DHT), i.e.,
“a hash table which is distributed among a set of cooperating computers,
[called] nodes [. . . ] It contains key/value pairs, [called] items. The main
service provided by a DHT is the lookup operation, which returns the value
associated with any given key” [19]. Usually, a user may want to find the
value of a key, so the DHT “provides the key to any one of the nodes, which
then performs the lookup operation and returns the value associated with the
provided key” [19]; in addition, “a DHT also has operations for managing
items, such as inserting and deleting items” [19]. In our case, the DHT does
not act as a global repository for entities (as one cannot ‘store’ them in it),
but rather as aglobal index, holding the identifiers (i.e., keys) of the entities.
Moreover, we can distinguish two types of identifiers: a local one and a
global one (GUID). As stated in Chapter 5, every user has a repositories of
entities at local level, thus holding a partial view of the entities; this view
is represented by a link to their position in the repository, i.e., a local URL.
On the other hand, on global level the GUID acts as a rigid designator,7 i.e.,
denotes the entity in every possible context (or possible word, in philosophy),
thus representing the real world entity.
For instance, Fausto Giunchiglia is my advisor, and he has children, there-
fore he is their father; consequently, I call him ‘Prof. Giunchiglia, while his
daughter calls him ‘Dad. Therefore the entity representing him will have
two local URLs, redirecting either to my repository in the case of ‘Prof.
Giunchiglia or to his daughter otherwise, and one GUID identifier at global
level, which will represent Fausto Giunchiglia per se.
As we stated in Chapter 5, the different scenarios where the task of match-
ing is to be done is also affected, in addition to name variations and name
variants, by the different levels and their interplay between themselves. Now
that we provided a clear view of the framework where to implement our
solution, we will proceed to explain how to implement our solutions.
7See Kripkes definition of rigid designator in the philosophical debate surrounding
names in Section 2.2.4.
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7.3.1 Local Level Implementation
First of all, the system should provide the user with local name matching
and local search. In our case, we should aim to address the problems of
Section 4.3 and 4.4 of our taxonomy of name variations from chapter 4, i.e.,
misspellings and format, in addition to name variants. Multilingual name
variations (and translations of name variants) are not considered because it
is unlikely for a single user to capture all the possible variations of a name;
therefore, the issue of multilingual name variations concerns the global level.
As noted in section 6.1, the usual approach is to deploy algorithms8 tai-
lored to the type of names, i.e., strings, the system is to match. Given the
many possible cases of monolingual variations, as illustrated in Section 4.3
and 4.4, most of the times name matching does not rely on a single algorithm,
rather a combination of techniques, e.g., “filtering using bag distance [a bag
is a multi-set of the characters in a string, smaller or equal to the edit dis-
tance] followed by a more complex edit distance based approach” [7]. On the
other, speed is an important factor, and techniques like Jaro9 or Winkler10
are well suited if one keeps this factor in mind.
Moving to name variants, they are indexed at this level (unlike mono-
lingual variations), but their presence relies either on manual insertion by a
user or import from another user or global level; thus, they are stored in the
name entry ‘Other Names’.
As for our scenario, unlike many other systems, we do not have differ-
ent fields for parts of name (e.g., first name and surname for Person entity
type)11, but speed is of paramount importance. Given these needs, we be-
lieve that the Winkler algorithm is the best choice; in fact, as [7] notes, this
algorithm is overall useful for improving the matching, regardless of the other
techniques employed. In addition, other suitable techniques to be coupled
with the Winkler algorithm are, e.g., LCS, to address format issues and long
unparsed names. One exception are the format changes due to bibliography
styles12, which show a certain fixity, requiring, in addition to Winkler and
LCS, tailored algorithms that convert the format of a certain style to another
one (e.g., from ‘ama’ to ‘IEEE’ style), thus treating the problem at runtime
and avoiding storing them.
Overall, the sequence of matching at local level should follow these steps:
8See section 6.1 for an overview on name matching algorithm we are comparing in this
section. For a deeper and more throughout comparison, see [42] or [7].
9See equation 6.1
10See equation 6.2
11See [23] for an overview of the methods to parse names.
12See Table 4.1 and overall Section 4.4 for an overview on the matter.
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1. A name is queried.
2. The system checks both ‘Preferred’ and ‘Other Names’ entries.
In addition, it considers the entity type:
 If the entity belongs to ‘Person’ or ‘Landform’ entity types,13 per-
form Winkler and LCS.
If not matching and the entity belongs to ‘Person entity type,
perform tailored bibliography style algorithms.
 If the entity does not belong to ‘Person’ or ‘Landform’ entity types,
perform Winkler
If not matching, then perform LCS.
3. If the name matches, the process ends and the entity is retrieved.
4. If the name does not match, the search moves to the global level.
7.3.2 Global Level Implementation
If name matching moves to this level, either the local search is failed or a
user is looking for more information about an entity. Nevertheless, now the
issue are multilingual variations. In fact, we proposed in Chapter 5 and
Section 4.2 that the solution to the changes name variations cause is using
named dictionaries, i.e., lists of names. Relying on name dictionaries, from
name matching at local level, i.e., finding whether an entity is present or not,
we now have name searching, i.e., searching for matching candidates among
lists of names.
The implementation of name dictionaries in our scenario is based on one
factor: whether the resource is importable or not. The reasons for not im-
porting may vary (e.g., licences, required disk space, etc. . . ), but they can
generally be avoided by using application programming interfaces (API), i.e.,
interfaces between different software programs to facilitates their interac-
tion, thus keeping the resource external and still using it at the same time,
although, in the case of license, the data may need to be purchased. We will
not go into details about the resources available here, but an overview can
be found in Section 7.4.
In Section 4.2, we also stated that named dictionaries should also list
part-of name (e.g., ‘Lake’) and their implementation should not just rely on
named dictionaries, but rather storing them in a dedicated index. Keys and
values should be the token of the trigger words, plus all their translation and
13As they are the only one with format variations, see Table 7.1
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the proper nouns or proper names that go along with them, e.g.key ‘Lago’[it],
value ‘Maggiore, Trasimeno’[it]. This way, when matching an entity type af-
fected by this variation, the system searches this index, instead of considering
the whole DHT, speeding up the process of matching.
Now that we explained the implementation of name dictionaries for mul-
tilingual variations, we can illustrate the steps of name matching at global
level:
Case 1 A name is queried at local level and no match is found.
Case 2 A user is searching for an entity.
1. The system searches through the DHT for a match, if no match
is found, move to step 2.
Case 1 If a match is found, the variation enriches the user’s entity
name.
Case 2 If a match is found, the entity is imported in the user’s
repository.
1a If the entity belongs to the entity types of either ‘Organization’,
‘Person’, and ‘Place’, the dedicated index is searched instead.
2. The system searches the name dictionaries, following two criteria:
i) The entity type to which the entity name belongs and ii) The
language of the user, to further narrow down the list of candidates.
If no match is found, move to step 3.
3. The system searches the external resources via APIs. If no match
is found, move to step 4.
4. If no match is found yet, a new entity is created.
7.4 Entity Type Resources and Named Dic-
tionaries
Now that we illustrated how to implement our solutions, we want to conclude
this chapter by turning our attention to entities and entity types. In fact, we
showed that tackling the issues of name variants and name variations require
the aid of named dictionaries. Therefore, we need to provide information
about which resources (e.g., named dictionaries) are to be used, indicating
where to find them and how to implement them. Firstly, we will illustrate
the resources available (to our knowledge) for each of the entity types listed
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in Section 7.1, then all the information about the resources are shown in
Table 7.2 at the end of this section.
Before introducing the resources, we wish to illustrate the criteria by
which we present (and thus chose) the resources.
Size we consider the amount of information (primarily names, of course) the
resource provides
API or Import we consider if the resource can be imported and indexed
or if an API (application programming interface), i.e., an interface be-
tween different software programs to facilitates their interaction, may
be viable, thus keeping the resource external.
Downloadable we consider if the whole resource is downloadable or not.
Type of Data we consider whether the resource provides simply names or
more structured information, e.g., attributes.
Language we consider what and how many languages the data are available
in.
License we consider if the resources is free or under copyright.
7.4.1 CreativeWork
First of all, the available resources for every entity type of CreativeWork are:
Book the HeiNER database is a good starting point, but sites like ‘ISB-
Ndb’14, with 6,954,137 books title (as of 03/08/2012), may be imported
or, as in this case, used via API.
Movie the HeiNER database is a good starting point, as good film related
sites like ‘IMDb’15 have copyright issues, since they don’t allow any use
of their data, whereas the MEDIA Film Database16 is a free searchable
database of 6325 European films.
MusicAlbum the HeiNER database is a good starting point (excluding
name variants and name variations), but there are free databases like
MusicBrainz,17 which contains information 12 million recordings.
14http://isbndb.com/
15http://www.imdb.com/
16http://eacea.ec.europa.eu/media/films/
17http://musicbrainz.org/
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MusicRecording See MusicAlbum.
Painting the HeiNER database is a good starting point, and a good the-
saurus, although under development and copyrighted, could be the Cul-
tural Objects Name Authority (CONA),18 so it will not be included in
our current table, as we have no data with regard to its size or avail-
ability.
TVSeries See Movie, since sites that deal with movies usually deal with tv
series.
7.4.2 Event
As for ‘Event’ entity types, in addition to the HeiNER database, Eventseer19
is a database of 19,740 events, which is both available by download or via
API.
7.4.3 Organization
As for ‘Organization’ entity types, there are more resources than the HeiNER
database.
Corporation the HeiNER database is a good starting point.
Organization the HeiNER database is a good starting point, but there are
sites like ‘devdir’20 (for development organizations, listing 70,000 of
them with also contact information) or ‘NGO s and Directories’21, to
be used via API. In addition, government sites usually store names and
contact information about national organizations.
SportsTeam the HeiNER database is a good starting point.
EducationalOrganization the HeiNER database is a good starting point;
in addition, sites like ‘univ’22, a searchable of 8972 Universities in 204
countries (as of 22/07/2012) could be useful via API.
18http://www.getty.edu/research/tools/vocabularies/cona/index.html
19http://eventseer.net/
20http://www.devdir.org/
21http://www.gdrc.org/ngo/ngo-s.html
22http://univ.cc/
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7.4.4 Person
The Person entity type resources may take advantage of the following re-
sources.
Names behindthename23 contains 18,086 names and their conversion to dif-
ferent languages, but seems easier to be searched via API, whereas a
collection of 9,353 English names, plus their equivalents in 12 different
languages, downloaded from rootsweb24 could be imported as tokens,
while the website itself could be used via API to take advantage of its
links to multiple free searchable databases.
Moreover, the Union List of Artist Names (ULAN),25 contains 638,900
artist names, but, because of copyrights and the fee needed for the
data, seems to be accessible only via API, while ISBNdb also contains
1,998,869 names of authors, although in English only. In addition,
MusicBrainz stores about 660,000 artists names, and IMDb contains
4,780,533 names of movie and tv series related people.
Religious Figures and Monarchy the HeiNER database is a good start-
ing point, but for Cristian saints ‘catholic-saints’26 could be imported,
as it also consist of biographic information about the saint.
7.4.5 Place
Finally, having already downloaded more than 7 million entities from GeoN-
ames27, the HeiNER database is but a small addition to names for Place
entity types, considering also the Getty Thesaurus of Geographic Names
(TGN),28 that, because of copyright, could be accessible via API.
7.4.6 General Resources
In addition to these entity type specific resources, there are some free re-
sources that cover the whole range of entity types we deal with in this work,
containing general information of all types of entities.
Here are some of them:
23http://www.behindthename.com/
24http://www.rootsweb.ancestry.com/
25http://www.getty.edu/research/tools/vocabularies/ulan/index.html
26http://www.catholic-saints.info/
27http://www.geonames.org/
28http://www.getty.edu/research/tools/vocabularies/tgn/index.html
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Freebase 29 A collaborative knowledge base built on structured data har-
vested from many sources, including individual wiki contributions, con-
taining more than 23 million entities.
DBpedia 30 A community effort to extract structured information from
Wikipedia and to make this information available on the Web, whose
dataset describes more than 3.64 million entities.
YAGO2 A knowledge base containing information harvested from Wikipedia
and linked to WordNet, containing more than 10 million entities.
TheDataHub 31 A community-run catalogue of useful sets of data on the
Internet
To sum up, Table 7.2 shows the criteria (listed at the beginning of this
section) about the resources in the columns, while the rows represent the
resources and the relative information about the criteria. of course, this list
is not to be considered exhaustive, but it can be used as a starting point for
finding further resources for names.
29http://www.freebase.com/
30http://dbpedia.org
31http://thedatahub.org
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Chapter 8
Conclusions
In this work, we aimed to tackle a complicated issue for name matching, i.e.,
matching name variations and name variants. In order to do so, we avoided
relying completely on automatic approaches, taking a multidisciplinary ap-
proach instead.
We started from philosophy, and the debate surrounding names that took
place during the last century. The two themes of this debate revolved around
reference (i.e., the process that allows the speakers to identify an entity) and
meaning (i.e., the possibility for a name to have a semantic value). Theories
like descriptivism support the idea that names do have a meaning (i.e., the
definite description associated with it) and explain reference as the process of
associating the true description an entity, whereas other theories like causal
theories and Millianism deny that names have any meaning outside their
reference. While both the approaches have their strengths and weaknesses,
there is no current theory exhaustive enough to be accepted; in fact, accepting
any of the approaches described carries different problems.
Moving to sociology, one can see that a name, rather than indicating a
single modality of reference, is actually more like a ‘class’ of types of names,
i.e., name variants (more commonly, pseudonyms), varying according to dif-
ferent features (e.g., social contexts). Because of this, it is hard to distinguish
them both in terms of usage (as social context borders tend to be blurred, if
not overlapping) and in terms of definition (consider the various definitions
of pseudonyms in [1], [35] and [11]), leading to confusion when referring to
an entity.
Finally, in geography, we saw that name variations, be they multilin-
gual (e.g., translations) or monolingual (e.g., misspellings), affect names of
geopolitical entities, adding linguistic and cultural factors to social ones to
the complexity of names. Furthermore, we saw that these factors are not lim-
ited to geography, but they are present and persistent in many other fields,
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even in daily life, too.
All these issues affect name matching, i.e., matching two strings to see if
they refer to the same entity, and any area of computer science that deals
with names at large. In our scenario of a P2P, entity-based network of users,
name matching does not simply rely on strings when operating, but also
considers other factors, e.g., the type of entity that is being matched. In
addition, our scenario consists of three levels: local level (the users), com-
munity level (groups of users), and global level (all the entities). Entities
at local level are a partial view of the real word entity, represented at the
global level. Thus, name matching operates with different challenges with
each level. At local level, there are name variants and monolingual name
variations; while the variations are accounted for by algorithms, name vari-
ants must be tackled by using name dictionaries, since the vary on various
factors. Similarly, multilingual name variations dominate the global level,
and, like variants, must be tackled by using name dictionaries. Finally, both
variants and variations should be represented in the structure of the entity
name, so to provide a more fine-grained view of the entity itself
Thus, we proposed a taxonomy of name variations (full translation, part-
of translation, misspellings, format and variants) to understand and predict
the variations and variants of different entity names, validating the taxon-
omy by testing it on schema.org, a lightweight ontology; thus, we obtained
a way to recognize patterns in the variants and variations behaviour. As for
the entity name architecture, we divided it in two entries: ‘Preferred’ (i.e.,
the most salient name) and ‘Other Names (name variants and variations)’;
although simple enough, it allows to give a more extensive overview of the en-
tity name. Both solutions are due to our multidisciplinary approach, taking
advantage both from various fields (i.e., philosophy, sociology and geogra-
phy), importing terms and views not found in computer science, and also
drawing from areas close to name matching, building from their findings and
expanding them.
Finally, we must note that our solutions are intended to be hints and
guidelines for a future implementation, which was outside the scope of this
work, while we focused on the more theoretical aspect of the issue of match-
ing name variations and name variants in a distributed scenario. Although
the scope of name matching may seem less concerned with names from a
theoretical point of view, we believe that providing a more robust multidis-
ciplinary background helps in clarifying issues such as the one discussed in
this work. In additions, our work shows how apparently distant fields have
much more in common that it seems or one wants to believe.
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Appendix A
Tables from Schema.org
In this chapter we have a list of 22 tables, which are used to back up our
intuitions of Chapter 4. In fact, while Table 7.1 shows the general trend of
name variations, these tables illustrate the trend for every single entity type.
A.1 Notes to the Tables
Full Translation: this column represent all the translations are based on
Wikipedia1, i.e., we checked our translation by relying on the pages in
other languages of every entity.
Part-of translation: in this column, because of space and formatting rea-
sons, we just put the trigger word of the name underlined.
Alternative Names: this column was added to also take into account pseudonyms
for the sake of completeness. Moreover, although they are name vari-
ants and not name variations, they may be translated.
Yet, it could be that ‘Alternative Names’may be the official name of
the entities (i.e., the entity original name). In fact, since we opted for
salience as the main criterion for deeming the name ‘Alternative’ or
not, as in section 3.1, it may be that the official name is less used that
another one, although this is not a fixed occurrence.
To prove our claim, we decided to submit both names as queries to
Google and Wikipedia, then labelling as ‘Alternative’ the one with
the fewest occurrences. For instance, although ‘Alice’s Adventures in
Wonderland’ is the original name of the book by Carroll, ‘Alice in
Wonderland’ is by far the most used (69.900.000 vs. 912.000 results
1http://en.wikipedia.org/wiki/Wikipedia
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on Google); since ‘Alice’s Adventures in Wonderland’ is less used, it
becomes a value of ‘Alternative Name’. On the other hand, ‘The Big
Apple’ cannot substitute in salience ‘New York’ (1,9 billions vs. 3 bil-
lions results, respectively).
Misspellings: because of space and formatting reasons, we just put one of
the possible misspelled parts of the name.
Format: because of space and formatting reasons, we only listed one ex-
ample of format variation, as the whole list can be easily obtained
automatically, which may be if, e.g., one follows a certain formatting
style for authors’ name.2
Furthermore, the language considered for all the instances in the tables, thus
for both Table 7.1 and those in Appendix B, are the EU official ones, i.e.,
English, German, French, and Spanish, plus Italian and Danish; nevertheless,
the main languages considered are English and Italian. If an entity comes
from either of the languages, we use the other one for translation (if available).
On the other hand, if the entity comes from any other language than English
and Italian, English becomes the language for translation; otherwise, we
switch to Italian.
Further notes related to one table only are added accordingly.
2See Section 4.4 for an overview of the possible bibliography style, and how they change
the name.
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Appendix B
Schema.org Full Type List
The types in italics are the five
main entity types, whereas the bold
one are those chose as entity types
that undergo multilingual name vari-
ations
CreatieWork
Article
BlogPosting
NewsArticle
ScholarlyArticle
Blog
Book
ItemList
Map
MediaObject
AudioObject
ImageObject
MusicideoObject
VideoObjec
Movie
MusicPlaylist
MusicAlbum
MusicRecording
Painting
Photograph
Recipe
Reiew
Sculpture
TvEpisode
TvSeason
TvSeries
WebPage
AboutPage
CheckoutPage
CollectionPage
ImageGallery
VideoGallery
ContactPage
ItemPage
ProfilePage
SearchResultsPage
WebPageElement
SiteNaigationElement
Table
WPAdBlock
WPFooter
WPHeader
WPSideBar
Event
BusinessEvent
ChildrensEvent
ComedyEvent
DanceEvent
EducationEvent
Festial
FoodEvent
LiteraryEvent
87
MusicEvent
SaleEvent
SocialEvent
SportsEvent
TheaterEvent
UserInteraction
UserBlocks
UserCheckins
UserComments
UserDownloads
UserLikes
UserPageisits
UserPlays
UserPlusOnes
UserTweets
VisualArtsEvent
Intangible
Enumeration
BookFormatType
ItemAailability
OfferItemCondition
JobPosting
Language
Offer
AggregateOffer
Quantity
Distance
Duration
Energy
Mass
Rating
AggregateRating
StructuredValue
ContactPoint
PostalAddress
GeoCoordinates
GeoShape
NutritionInformation
Organization
Corporation
EducationalOrganization
CollegeOrUniersity
ElementarySchool
HighSchool
MiddleSchool
Preschool
School
GovernmentOrganization
LocalBusiness
AnimalShelter
AutomotieBusiness
AutoBodyShop
AutoDealer
AutoPartsStore
AutoRental
AutoRepair
AutoWash
GasStation
MotorcycleDealer
MotorcycleRepair
ChildCare
DryCleaningOrLaundry
EmergencyService
FireStation
Hospital
PoliceStation
EmploymentAgency
EntertainmentBusiness
AdultEntertainment
AmusementPark
ArtGallery
Casino
ComedyClub
MovieTheater
NightClub
FinancialService
AccountingService
AutomatedTeller
BankOrCreditUnion
InsuranceAgency
FoodEstablishment
Bakery
88
BarOrPub
Brewery
CafeOrCoffeeShop
FastFoodRestaurant
IceCreamShop
Restaurant
Winery
GovernmentOffice
PostOffice
HealthAndBeautyBusiness
BeautySalon
DaySpa
HairSalon
HealthClub
NailSalon
TattooParlor
HomeAndConstructionBusiness
Electrician
GeneralContractor
HACBusiness
HousePainter
Locksmith
MoingCompany
Plumber
RoofingContractor
InternetCafe
Library
LodgingBusiness
BedAndBreakfast
Hostel
Hotel
Motel
MedicalOrganization
Dentist
Hospital*
MedicalClinic
Optician
Pharmacy
Physician
VeterinaryCare
ProfessionalService
AccountingService*
Attorney
Dentist*
Electrician*
GeneralContractor*
HousePainter*
Locksmith*
Notary
Plumber*
RoofingContractor*
RadioStation
RealEstateAgent
RecyclingCenter
SelfStorage
ShoppingCenter
SportsActiityLocation
BowlingAlley
ExerciseGym
GolfCourse
HealthClub*
PublicSwimmingPool
SkiResort
SportsClub
StadiumOrArena
TennisComplex
Store
AutoPartsStore*
BikeStore
BookStore
ClothingStore
ComputerStore
ConenienceStore
DepartmentStore
ElectronicsStore
Florist
FurnitureStore
GardenStore
GroceryStore
HardwareStore
HobbyShop
HomeGoodsStore
89
JewelryStore
LiquorStore
MensClothingStore
MobilePhoneStore
MovieRentalStore
MusicStore
OfficeEquipmentStore
OutletStore
PawnShop
PetStore
ShoeStore
SportingGoodsStore
TireShop
ToyStore
WholesaleStore
TelevisionStation
TouristInformationCenter
TravelAgency
NGO
PerformingGroup
DanceGroup
MusicGroup
TheaterGroup
SportsTeam
Person
Place
AdministrativeArea
City
Country
State
CivicStructure
Airport
Aquarium
Beach
BusStation
BusStop
Campground
Cemetery
Crematorium
Eventenue
FireStation*
GovernmentBuilding
CityHall
Courthouse
DefenceEstablishment
Embassy
LegislatieBuilding
Hospital*
MovieTheater*
Museum
Musicvenue
Park
ParkingFacility
PerformingArtsTheater
PlaceOfWorship
BuddhistTemple
CatholicChurch
Church
HinduTemple
Mosque
Synagogue
Playground
PoliceStation*
RPark
StadiumOrArena*
SubwayStation
TaxiStand
TrainStation
Zoo
Landform
BodyOfWater
Canal
LakeBodyOfWater
OceanBodyOfWater
Pond
Reseroir
RierBodyOfWater
SeaBodyOfWater
Waterfall
Continent
Mountain
Volcano
90
LandmarksOrHistoricalBuildings
LocalBusiness*
AnimalShelter
AutomotieBusiness
AutoBodyShop
AutoDealer
AutoPartsStore*
AutoRental
AutoRepair
AutoWash
GasStation
MotorcycleDealer
MotorcycleRepair
ChildCare
DryCleaningOrLaundry
EmergencyService
FireStation*
Hospital*
PoliceStation*
EmploymentAgency
EntertainmentBusiness
AdultEntertainment
AmusementPark
ArtGallery
Casino
ComedyClub
MovieTheater*
NightClub
FinancialService
AccountingService*
AutomatedTeller
BankOrCreditUnion
InsuranceAgency
FoodEstablishment
Bakery
BarOrPub
Brewery
CafeOrCoffeeShop
FastFoodRestaurant
IceCreamShop
Restaurant
Winery
GovernmentOffice
PostOffice
HealthAndBeautyBusiness
BeautySalon
DaySpa
HairSalon
HealthClub*
NailSalon
TattooParlor
HomeAndConstructionBusiness
Electrician*
GeneralContractor*
HACBusiness
HousePainter*
Locksmith*
MovingCompany
Plumber*
RoofingContractor*
InternetCafe
Library
LodgingBusiness
BedAndBreakfast
Hostel
Hotel
Motel
MedicalOrganization
Dentist*
Hospital*
MedicalClinic
Optician
Pharmacy
Physician
eterinaryCare
ProfessionalService
AccountingService*
Attorney
Dentist*
Electrician*
GeneralContractor*
HousePainter*
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Locksmith*
Notary
Plumber*
RoofingContractor*
RadioStation
RealEstateAgent
RecyclingCenter
SelfStorage (***)
ShoppingCenter
SportsActiityLocation
BowlingAlley
ExerciseGym
GolfCourse
HealthClub*
PublicSwimmingPool
SkiResort
SportsClub
StadiumOrArena*
TennisComplex
Store
AutoPartsStore*
BikeStore
BookStore
ClothingStore
ComputerStore
ConvenienceStore
DepartmentStore
ElectronicsStore
Florist
FurnitureStore
GardenStore
GroceryStore
HardwareStore
HobbyShop
HomeGoodsStore
JewelryStore
LiquorStore
MensClothingStore
MobilePhoneStore
MovieRentalStore
MusicStore
OfficeEquipmentStore
OutletStore
PawnShop
PetStore
ShoeStore
SportingGoodsStore
TireShop
ToyStore
WholesaleStore
TelevisionStation
TouristInformationCenter
TravelAgency
Residence
ApartmentComplex
GatedResidenceCommunity
SingleFamilyResidence
TouristAttraction
Product
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